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The invearfan describes a new method to sequence DN A, Toe impf ovemeou over the existing DNA scousucing technologies arc 
high ipboL high throughput, no electrophoresis and jcl reading artifacts due tc Out complete uhsence of an ctectrophoretic step, and no , 
cosfly reagents involving various suhfttiiuUoas wilh stable Isotopes. The invention utilizes the Sanger sequencing strategy and as szm Wes 
the sequence informalioo by analysis of the nested fragment* obtained by batt«spedfic chain terniinbLoa via their different roctectikr 
mattes using nm spectrometry, us far cwnnln, MALDT cr ES mass spectrometry, a father increase in (bot^ghtpui am bo obtained 
by fa&txfoctng masMnodinVatirmt in 0k oli^craideotide primer, dwln -terminating nucleotide triphosphate* witor in the dnin-elongann^ 
nucleoside triphosphsjes, as well as using InJepided tag soqeeoces which allow OAultiplttring by hybridisation of tag specto probes with 
mats rfifiercniitfed molecular weight*. 
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DNA SEQUENCING BY MASS SPECTROMETRY 

Related Applications 

This application ia a cominuation-in-part of US, Application Serial Number 
08/617,010, which is a cominuation-in-pan of U.S. Application Serial Number 
-OS/178,216, which issued as U.S. Patent No. 5,547,835, and which itself is a 
continuation-in-part of U.S. Application Serial Number 08/001,323 filed January 7, 1993, 
which is now abandoned. The contents of all related applications are incorporated herein 
by reference. 

Background of the Invention 

Since the genetic information is represented by the sequence of the four 
DN A building blocks deoxyadeoosine- (dpA), deoxyguanosine- (dpG), deoxycytidine- 
(dpC) and dcoxythy midinc- 5'-phosphat e (dpT), DNA sequencing is one of the most 
fundamental technologies in molecular biology and the life sciences in general. The ease 
and the rate by which DNA sequences can be obtained greatly affects related 
technologies such as development and production of new therapeutic agent* and new and 
useful varieties of plants and microorganisms via recombinant DNA technology. In 
particular, unraveling the DNA sequence helps in understanding human pathological 
conditions including genetic disorders, cancer and AIDS. In some cases, very subtle 
differences such as a one nucleotide deletion* addition or substitution can create serious, 
in some cases even fatal, consequences. Recently, DNA sequencing has become the core 
technology of the Human Genome Sequencing Project (e.g., J.E Bishop and At 
Waldhola, 1991, Genome: The Storv of the Most Astonishing Scientific Adventure of 
Our Time ~ The Attempt to Man All the flag in tha Human Body, Simon & Schuster, 
New York). Knowledge of the complete human genome DNA sequence win certainly 
help to understand, to diagnose, to prevail and to treat human diseases. To be able to 
tackle successfully the determination of the approximately 3 billion base pairs of the 
human genome in a reasonable time frame and in an economical way, rapid, reliable, 
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sensitivc and inexpensive methods need to be developed, which also offer the possibility 
of automation. The present invention provides such a Technology 

Recent reviews of today 1 * methods together with future directions and 
trends ere given by Banrell (T i ft FASEB Journal 5. 40-45 (1991)), and Trainer (AflaL 

5 £bsiL £2.418-26 (1990)). 

Currently, DNA sequencing is performed by either the chemical degradation 
method of Maxam and Gilbert (MfitWs in Enivmologv $£, 499-560 (1980)) or the 
enzymatic dideaxynudootide termination method of Sanger et al (ProC, Natl Acfld. Sci. 
IJSA 2& 5463-67 (1977)). In the chemical method, base specific modifications result in 

10 a base specific cleavage of the radioactive or fluorescently labeled DNA fragment. With 
the four separate base specific cleavage reactions, four sets of nested fragments are 
produced which are separated according to length by polyacrylamide gel electrophoresis 
(PAGE). After autoradiography, the sequence can be read directly since each band 
(fragment) in the gel originates from a base specific cleavage event Thus* the fragment 

1 5 lengths in the four "ladders* directly translate into a specific position in the DNA 
sequence. 

In the enzymatic chain termination method, the four base specific sets of 
DNA fragments are formed by starting with a primer/template system elongating the 
primer into the unknown DNA sequence area and thereby copying the template and 

20 synthesizing a complementary strand by DNA polymerases, such as KJenow fragment of 
£ cob DNA polymerase I, a DNA polymerase Iran Ihermus aquaticus, Taq DNA 
polymerase, or a modified T7 DNA polymerase, Sequenase (Tabor et al, PrPft Mail. 
Ac*4_ Sri USA 84. 4767-4771 (1987)), in the presence ofchain-tenninaiing reagents. 
Here, the chain-tenninating event is achieved by incorporating into the four separate 

25 reaction mixtures in addition to the four normal deoxynudeoside triphosphates. dATP, 
dGTP, dTTP and dCTP, only one of the chain-terminating dideoxynudeoside 
triphosphates, dd ATP, ddGTP, ddTTP or ddCTP. respectively, in a limiting small 
concentration. The four sets of resulting fragments produce, after electrophoresis, four 
base specific ladders from which the DNA sequence can be determined. 

30 A recent modification of the Sanger sequencing strategy involves the 

degradation of phospborothioate<ontaining DNA fragments obtained by using alplia-thio 
dNTP instead of the normally used ddNTPs during the primer extension reaction 
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mediated by DNA polymerase (Ubeit et al , DNA £ 173- 1 77 (1986); Amerehara, PCT- 
Application GB86/00349; Eckstein tt a/., Ncdeic Antds R^s ifc 9947 (1 988))* Here, 
the four sets of base-specific sequencing ladders are obtained by limited digestion with 
cxonuclcase III or snake venom phosphodiesterase, subsequent separation on PAGE and 
5 visualization by radioisotopic labeling of either the primer or one of the dNTPs. In a 

farther modification, the base-specific cleavage is achieved by alkylating the sulphur atom 
in the modified phosphodi ester bond followed by a heat treatment (Max-PLanck- 
Gesellschaft, DE 39303 12 Al). Both methods can be combined with the amplification of 
* the DNA via the Polymerase Chain Reaction (PGR). 

10 On the upfront end, the DNA to be sequenced has to be fragmented into 

sequencable pieces of currently not more than 500 to 1000 nucleotides. Starting from a 
genome, this is a multi-step process involving cloning and subcloning steps using different 
and appropriate cloning vectors such as YAC, cosmids, plasmids and M13 vectors 
(Sambrook et aL y Molecn1*T Clpnin?' A r rf&BteQt Manual Cold Spring Harbor 

IS Laboratory Press, 1989). Finally, for Sanger sequencing, the fragments of about 500 to 
1000 base pairs are integrated into a specific restriction site of the replicative form I (RP 
I) of a derivative of the M13 bacteriophage (Vieri* and Messing, Gene 12, 259 (1982}) 
and then the double»stranded form is transformed to the single-stranded circular form to 
serve as a template for the Sanger sequencing process having a binding site for a 

20 universal primer obtained by chemical DNA synthesis (Sinha, Biemat, McManus and 
Koster, Nuctetc Acids Res 12, 4539-57 (1984); U.S. Patent No. 4725677 upstream of 
the restriction site into which the unknown DNA fragment has been inserted Under 
specific conditions* unknown DNA sequences integrated into superceded double- 
stranded plasmid DNA can be sequenced directfy by the Sanger method (Chen and 

25 Seeburg,£NA*, 165-170 (1985ft andlim^. Gene Anal Techn 5 32-?9 (1988), 
and, with the Polymerase Chain Reaction (PCR) fl*HR Protocols: A Guide to Methods 
and Applications, Innjs et al % editors. Academic Press, San Diego (1990)) cloning or 
subdoning steps could be omitted by directly sequencing off chromosomal DNA by first 
amplifying the DNA segment by PCR and then applying the Sanger sequencing method 

30 (lfmifi etaL. Proe Natl Acad &d USA fiS 9436-9440(1988)) In this case, however, 
the DNA sequence in the interested region most be known at least to the extent to bind a 
sequencing primer. 



WO 97/37041 



-4- 



PCTAJS97/04394 



In order to b able to read the sequence from PAGE, detectable labels have " 

to be used in either the primer (very often at the 5'-end) or in one of the deoxynudeoside 

triphosphates, dKTP. Using radioisotopes such as 32 P, 3 P, or S is still the most 

frequently used technique. After PAGE, the gels are exposed to X-ray films and silver 

grain exposure is analyzed. The use of radioisotopic labeling creates several problems. 

Most labels useful for autoradiographic detection of sequencing ftagements have 

relatively short half-fives which can limit the useful time of the labels. The emission high 

energy beta radiation, particularly from 32 P, can lead to breakdown of the products via 

rarfiolysis so that the sample should be used very quickly after labeling. In addition, high 

energy radiation can also cause a deterioration of band sharpness by scattering Some of 

• • 33 I4 35. 

these problems can be reduced by using the less energetic isotopes such as Por S 

(see, e.g., Ornstein et al, pi ptechmques 3_, 476 (1985)). Here, however, longer exposure 

times have to be tolerated. Above all, the use of radioisotopes poses significant health 

risks to the experimentalist and, in heavy sequencing projects, decontamination and 

handling the radioactive waste are other severe problems and burdens. 

In response to the above mentioned problems related to the use of 

radioactive labels, non-radioactive labeling techniques have been explored and, in recent 

years, integrated into partly automated DNA sequencing procedures. AH these 

improvements utilize the Sanger sequencing strategy. The fluorescent label can be tagged 

to the primer (Smith <H at. Mama 121, 674-679 (1986) and EPO Patent No. 

87300998.9; Du Pont De Nemours EPO Application No. 0359225; Ansorge etaLL 

ffigfitan, Biflptoa Msflfldj 12. 325-32 (1986)) or to the chain-totninating 

dideoxynucloside triphosphates (Prober aaL Science 238. 336-41 (1987); Applied 

Biosysteras, PCT Application WO 91/05060). Based on either labeling the primer or the 

ddNTP, systems have been developed by Applied Biosysteras (Smith et «/., Science 215, 

G89 (1987); U.S. Patent Nos 570973 and 689013), Du Pont De Nemours (Prober et al. 

ScjgQSfi 231, 336-341 (1987): U.S. Patents Nos. 881372 and 57566), Pharmacia-LKB 

(Ansorge era/. Acids Res IS. 4593-4602(1987) and EMBL Patent Application 

DEP3724442andP3805808.1)aimHhachi(JP 1-90844 and DE 401 1991 Al). A 

somewhat similar approach was developed by Brumbaugh ctaL (Pros Nail, Sri, USA 

8J, 56 1 0- 14 (1988) and U.S. Patent No. 4.729,947). An improved method for the Du 

Pont system using two lectrophoretic lanes with two different specific labels per lane is 
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described (PCT Application WO92/02635). A different approach uses fluorescently 
labeled avidin and bioon labeled primers. Here, the sequencing ladders ending with biotin 
are reacted during electrophoresis with the labeled avidin which results in the detection uf 
the individual sequencing bands (Brumbaugh etal, U.S. Patent No. 594676). 
5 More recently even more sensitive non-radioactive labeling techniques for 

DNA using chemiluminescence triggerable and amplifyable by enzymes have been 
developed {Beck, OKeefe, Coull and Koster, Niicl^r AridsRes 17, 51 15-5123 (1989) 
and Beck and K6ster, Anal Chem 62 2258-2270 (1990)). These labeling methods were 
* combined with multiplex DMA sequencing (Church el aL SdCQCC 240, 1 85- 1 88 (1988) to 

10 provide for a strategy aimed at high throughput DNA sequencing (Raster a a/.. 

Nucleic Acids Ties Svmnosmm Set Nn 24 318-321 (1991). University of Utah, PCT 
Application No. WO 90/15883); this strategy still suffers from the disadvantage of being 
very laborious and difficult to automate. 

In an attempt to simplify DNA sequencing, solid supports have been 

15 introduced. In most cases published so far. the template strand ibr sequencing (with or 
without PGR amplification) is immobilized on a solid support most frequently utilizing 
the strong biotin-^avidin/streptavtdin interaction (Orion-Yhtyma Oy, U.S. Patent No. 
277643; M. Uhlen etaJ. Nucleic Acids Res 16, 3025-38 (1988)- Ceinu Bioteknik, PCT 
Application No. WO 89/09282 and Medical Research Council, GB, PCT AppEcation No. 

20 WO 92/03575). The primer extension products synthesized on the immobilized template 
strand are purified of enzymes, other sequencing reagents and by-products by a washing 
step and then released under denaturing conditions by loosing the hydrogen bonds 
between the Watson-Crick base pairs and subjected to PAGE separation. In a different 
approach* the primer extension products (not the template) from a DNA sequencing 

25 reaction are bound to a solid support via biotin/avidin (Du Pont Dc Nemours, PCT 
Application WO 91/11533). In contrast to the above mentioned methods, here, the 
interaction between biotin and avidin is overcome by employing denaturing conditions 
(foimamide/EDTA) to release the primer extension products of the sequencing reaction 
from the solid support for PAGE separation. As solid supports, beads, (e g , magnetic 

30 beads (Dynabeads) and Sepharose beads), filters, capillaries, plastic dipsticks (e.g., 
polystyrene strips) and microliter wells are being proposed. 
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Ail methods discussed 80 far have one central step in common: 
polyacryiamsde gd electrophoresis (PAOE). In many instances, this represents a major 
drawback and limitation For each of these methods. Preparing a homogeneous gel by 
polymerization, loading of the samples, the electrophoresis itseir, detection of the 
5 sequence pattern (e.g., by autoradiography), removing the gel and cleaning the glass 
pistes to prepare another gel are very laborious and time-consuming procedures. 
Moreover, the whole process is error-prone, difficult to automate, and, in order w 
improve reproducibility and reliability, highly trained and skilled personnel are required. 
In the case of radioactive labeling, autoradiography itself can consume from hours to 
10 days. In the case of fluorescent labeling, at least the detection of the sequencing bands is 
being performed automatically when using the laser-scanning devices integrated into 
commercial available DMA sequencers. One problem related to the fluorescent labeling is 
the influence of the four different base-specific fluorescent tags on the mobility of the 
fragments during electrophoresis and a possible overlap in the spectral bandwidth of the 
1 5 four specific dyes reducing the discriminating power between neighboring bands, hence, 
increasing the probability of sequence ambiguities. Artifacts are also produced hy base- 
specific interactions with the polyaeryiainide gel matrix (Frank and Kdstcr, ^UClfiifi 
Acids Res. 6. 2069 (1979)) and by the formation of secondary structures which result in 
"band compressions" end hence do not allow one to read the sequence. This problem 
20 has. in part, been overcome by using 7-deazadeoxyguanosine triphosphates (Ban- et al , 
akarfunmiffl 4, 428 (1956)). However, the reasons for some artifacts and conspicuous 
bands are still under investigation and need further improvement of the gel 
electrophoretic procedure. 

A recent innovation in electrophoresis is capillary zone electrophoresis 

25 rm (Jorgau rot, I rhrnm^oomtmv 3S2. 337 (1986); Gesteland el aL % 

N.iririr, Acids Res. 18. 1415-1419 (1990)) which, compared to slab gd electrophoresis 
(PAGE), significantly increases the resolution of the separation, reduces the time for an 
electrophoretic run and allows the analysis of very small sample* Here, however, other 
problems arise due to the nuwaturaanon of the whole system such as wall effects and the 
JO necessity or highly sensitive on-line detection methods. Compared to PAGE, another 
drawback is created by the fact that CZB is only a "one-Jane" process, whereas m PAGE 
samples in tnuttip! lanes can be electrophoresed simultaneously. 
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Due to the severe limitations and problems related to having PAGE as an 
integral and central pan in the standard DNA sequencing protocol, several methods have 
been proposed to do DNA sequencing without an electrophoretic step. One appruach 
calls for hybridization or fragmentation sequencing (Bains, Biotechnology 10, 757-58 
( 1992) and Mirzabekovitf a/ M FEBS Letters 256 118-122 (1989)) utilizing the Specific 
hybridization of known short oligonucleotides (e.g., octadeoxynucleotides which gives 
65,536 different sequences) to a complementary DNA sequence. Positive hybridisation 
* reveals a short stretch of the unknown sequence. Repeating this process by performing 
hybndizations with all possible octadeoxy nucleotides should theoretically determine the 
sequence. In a completely different approach, rapid sequencing of DNA is done by 
unilaterally degrading one single, immobilised DNA fragment by an exonuclease m a 
moving flow stream and detecting the cleaved nucleotides by their specific fluorescent tag 
via laser excitation (Jett ei uL f J. Bmmnlecular Structure A. Dynamic* 2> 301^309, 
(1989): United States Department ofEnergy, PCT Application No. WO 89/03432). In 
another system proposed by Hynian f Anal Binchgm \2L 4Z3-436 (1988)), the 
pyrophosphate generated when the correct nucleotide is attached to the growing chain on 
a primer-template system is used to determine the DNA sequence. The enzymes used 
and the DNA are held in place by solid phases (DEAE-Sepharose and Sepharose) either 
by ionic interactions or by covatent attachment In a continuous flow-through system, the 
amount of pyrophosphate is determined via biotuminescence (luciferase). A synthesis 
approach to DNA sequencing is also used by Tsiea ei at (PCT Application No. WO 
91/06678). Here, the incoming dNTFs are protected at the 3'-end by various blocking 
groups such as acetyl or phosphate groups and are removed before the next elongation 
step, which makes this process very slow compared to standard sequencing methods. 
The template DNA is Immobilized on a polymer support. To detect incorporation, a 
fluorescent or radioactive label 3s additionally incorporated into the modified dNTP's 
The same patent application also describes an apparatus designed to automate the 
process. 

Mass spectrometry, in general, provides a means of "weighing 11 individual 
molecules by ionizing the molecules in vacuo and making them "fly" by volatilization. 
Under the influence f combinations ofdectric and magnetic fields, the ions foil w 
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trajectories depending on their individual mass (m) and charge (z). In the range of 
molecules with low molecular weight, mass spectrometry has long been part of the 
routine physical-organic repertoire for analysis and characterization of organic molecules 
by the determination of the mass of the parent molecular ion. In addition, by arranging 

S collisions of this parent molecular ion with other particles (e.g., argon atoms), the 

molecular ion is fragmented forming secondary ions by the so-called collision induced 
dissociation (CID). The fragmentation pattern/pathway very often allows the derivation 
of detailed structural information. Many applications of mass spectrometric methods in 
the known in the art, particularly in biosciences, and can be found summarized in 

10 Mtlhflds iD Eozymalflgy, Vol 193: "Mass Spectrometry" (J.A. McCloskey. editoO, 
1 990. Academic Press, New York 

Due to the apparent analytical advantages of mass spectrometiy in 
providing high detection sensitivity, accuracy of mass measurements, detailed structural 
information by CID in conjunction with an MS/MS configuration and speed, as wefl as 

1 5 on-line data transfer to a computer, there has been considerable interest in the use of 
mass spectrometry for the structural analysis of nucleic adds. Recent reviews 
summarizing this field include K. H. Schram, "Mass Spectrometry of Nucleic Add 
Components, Biomedical Applications of Mass Spectrometiy" 24. 203-287 (1990); and 
P.F. Crain, 'Mass Spectrometric Techniques in Nucleic Acid Research," MfiSS 

20 SBCfiUBPfltt&gflfigg 2, 505-554 (1990). The biggest hurdle to applying mass 

spectrometiy to nuddc acids is the difficulty of voUtffinng these very polar biopolymers. 
Therefore, "sequencing" has been limited to low molecular weight synthetic 
oligonucleotides by determining the mass of the parent molecular ion and through this, 
confirming the already known sequence, or alternatively, confirming the known sequence 

25 through the generation of secondary ions (fragment ions) via CED in an M&/MS 

configuration utilizing, in particular, lor the ionization and volatilization, the method of 
fast atomic bombardment (FAB mass spectrometiy) or plasma Resorption (PD mass 
spectrometiy). As an example, the application of FAB to the analysis of protected 
dlmeric blocks for chemical synthesis of o&godeoxvnucleotides has been described 
30 (KOster et a!, ftrtrr*™* jJSOlSmSSM Mais SlttCtrPmCTY 04, 1 1 1-1 16 (19*7)). 
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Two more recent ionization/ desorption techniques are electrospray/iunspray 
(ES) and matrix-assisted laser desorption/iomzatiori (MALDI). ES mass spectrometry 
has beeo introduced by Fenn */ at ( J Phvs Chem M, 445 1 -59 (1984); PCT Application 
No. WO 90/14148) and current applications are summarized in recent review articles 
5 (R.D. Smith et aL, Anal. Chem. £2. 882-89 ( 1 990) and B. Ardrey, Klectrospray Mass 
Spectrometry, Spectroscopy Europe , i 10- 18 ( 1 992)), The molecular weights of the 
tetradecanudeotidc d(CATGCCATGGCATG) (SEQ ID NO: 1) (Covey etaL "The 
* Detennination of Protein, Oligonucleotide and Peptide Molecular Weights by Jonspray 
Mass Spectrometry/ Rapid Cnrnmamcafa^s in Mass Spectrometry 2, 249-256 (1988)), 

10 of the 2 t-mer d(AAATTGTGCACATCCTGCAGC) (SEQ ID NO:2) and without giving 
details of that of a tRNA with 76 nucleotides ^Methods in Enzymolog y , ] Qg T "Mass 
Spectrometry" (McCloskey, editor), p. 425, 1990, Academic Press, New York) have 
been published. As a mass analyzer, a quadrupole is most frequently used. The 
determination of molecular weights in femtamoie amounts of sample is very accurate due 

IS to the presence of multiple ion peaks which all could be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when 
a time-of-flight (TOF) configuration is used as a mass analyzer. The MALDl-TOF mass 
spectrometry has been introduced by Hiltcnkamp et aL ("Matrix Assisted UV-Laser 
^sorption/Ionization: A New Approach to Mass Spectrometry of Large Eiomolecules," 

20 Biological Mass Spectrometry (Burlingaroe and McCioskey, editors), Elsevier Science 
Publishers, Amsterdam, pp. 49-60, 1990.) Since; m most cases, no multiple molecular 
ion peaks are produced with this technique, the mass spectra, in principle; look simpler 
compared to ES mass spectrometry. Although DNA molecule* up to a molecular weight 
of 410.000 daltons could be desorbed and volatilized (Williams et aL, "Volatilization of 

25 High Molecular Weight DNA by Pulsed Laser Ablation of Frozen Aqueous Solutions," 
ScifiDte, 246, 1585-87 (1989)), this technique has so far only been used to determine the 
molecular Heights of relatively small oligonucleotides of known sequence, e.g., 
oligotbyraidytic acids up to 1 8 nucleotides (Huth-Fehre *t at. , "Matrix- Assisted Laser 
Desorpbon Mass Spectrometry of Oligodeoxythymidylic Acids, " 

30 Rapid Communications in Mass Spectrometry ft, 209-13 (1993)) and a d uble-Stranded 
DNA of 28 base pairs (Williams et ol % Tonc-of-Flight Mass Spectrometry f Nucleic 
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Acids by Laser Ablation and Ionization from a Frozen Aqueous Matrix, " Banid 
Communications ™ Mfl2S Spectrometry . ±, 348-351 (1990)). In one publication (Hutb- 
Fehre et al. , 1992 , supra), H was shown that a mixture of all the oligothymidylic acids 
from m-12 to 8 nucleotides could be resolved. 
5 in U.S. Patent No. 5,064,754, RNA transcripts extended by DNA both of 

which are complementary to the UNA to be sequenced are prepared by incorporating 

NIP'S, (SNTP's and, as terminating nucleotides, ddNTP's which are substituted at the 5'- 
* . 12 _ 13_ 14 

position of the sugar moiety with one or a combination of the isotopes C. C„ C, 

l H, 2 Il, 3 H, lC 0, l7 Oand 18 0. The polynucleotides obtained are degraded to 3'- 
10 nucleotides, cleaved at the N-glycosidic linkage and the isotopically labeled 5'- 

functionality removed by periodate oxidation and the resulting formaldehyde species 
determined by mass spectrometry. A specific combination of isotopes serves to 
discriminate base-specifically between internal nucleotides originating from the 
incorporation ofNTP's and dMTP's and terminal nucleotides caused by Unking ddNTP's 
1 5 to the end of the polynucleotide chain A series of RNA/DNA fragments is produced, 
and m one embodiment, separated by electrophoresis, and, with the aid of the so-called 
matrix method of analysis, the sequence is deduced. 

In Japanese Patent No. 59-131909, an instrument is described which detects 
nucleic acid fragments separated either by electrophoresis, liquid chromatography or high 
20 speed gel filtration Mass spectrometry detection is achieved by incorporating into the 
nucleic adds atoms which normally do not occur in DNA such as S, Br, I or Ag. Au, Pt, 
Os, Hg. The method, however, is not applied to sequencing of DNA using the Sanger 
method. In particular, it does not propose a base-specific correlation of such elements to 
an individual ddNTP. 

25 PCT Application No. WO 89/12694 (Brennan el al, Emr- SPIF-fnt Sw. 

fl ttJatt, 1206, ™~/T«rfmnl (Mom Mol BioU pp. 60-77 (1990); and Brennan, 

U S Patent No. 5,003,059) employs the Sanger methodology for DNA sequencing by 

32 33 e 34 36 e 35 37 
using a combination of either the four staWe isotopes S, S, 5, Sor U, <-.. 

79 Br, &l Br to specifically label the chain-tenninaliiig ddNTP's. The sulfur isotopes can 

30 be located either in the base or at the alpha-position of the triphosphate moiety whereas 

the halogen isotopes are located either at the base or at the 3'-position of the sugar ring 
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The sequencing reaction mixtures arc separated by an electrophoretic technique such as 
CZE, transferred to a combustion unit in which the sulfur isotopes of the incorporated 
ddNTP's are transformed at about 900°C in an oxygen atmosphere. The SO^ generated 
with masses of 64, 65, 66 or 68 is determined on-line by mass spectrometry using, e.g., as 
mass analyzer, a quadrupole with a single ion-multiplier to detect the ion current. 

A similar approach is proposed in U.S. Patent No. 5,002,868 (Jacobson e/ 

aL % Proc, SPiE-ipt. sSoc. Qpt, Eng. 1435, (Qpt. Methods IPuasgnffilivc PgtPrt, Anal 

' Tgch. Apgl.X 26-35 (1991)) using Sanger sequencing with four ddNTP's specifically 
substituted at the alpha-position of the triphosphate moiety with one of the four stable 
sulfur isotopes as described above and subsequent separation of the four sets of nested 
sequences by tube gel electrophoresis. The only difference is the use of resonance 
ionization spectroscopy (RJS) in conjunction with a magnetic sector mass analyzer as 
disclosed in U.S. Patent Mo. 4,442,354 to detect the sulfur isotopes corresponding to the 
specific nucleotide terminators, and by this, allowing the assignment of the DNA 
sequence. 

EPO Patent Applications No. 0360676 Ai and 0360677 Al also describe 

Sanger sequencing using stable isotope substitutions in the ddNTP's such as D. J C, 

15 v. l8 n 32 e 33 * M P 36. 19 35„, 37^ 79 81 127 
N, O. 0, S, S. S, S, F, CI, CI. Br, Brand I or functional 

groups such as CF 3 or Si(CH}>3 at the base, the sugar or the alpha position of the 

triphosphate moiety according to chemical functionality. The Sanger sequencing reaction 

mixtures are separated by tube gel electrophoresis. The effluent is converted into an 

aerosol by the dectrospray/thermospray nebulizer method and then atomized and ionized 

by a hot plasma (7000 to 8000°K) and analyzed by a ample mass analyzer. An 

instrument is proposed which enables one to automate the analysis of the Sanger 

sequencing reaction mixture consisting of tube electrophoresis, a nebulizer and a mass 

analyzer. 

The application of mass spectrometry to perform DNA sequencing by the 
hybrid tzati on/fragment method (see above) Ins been recently suggested {Bains, "DNA 
Sequencing by Mass Spectrometry : Outline of a Potential Future Appficat ion, M 
Orimicanggj p T 13-16 (1991)). 
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RnmnMiu ftf the Invention 

The invention describes i new method to sequence DN A. Tin: 
improvements over the existing DNA sequencing technologies include high speed, high 
throughput, no required electrophoresis (and, thus, no gel reading artifacts due to the 

S complete absence of an electrophoretic step), and no cosdy reagents involving various 
substitutions with stable isotopes. The invention utilizes the Sanger sequencing strategy 
and assembles the sequence information by analysis of the nested fragments obtained by 
base-specific chain termination via their different moleculaT masses using mass 
spectrometry, for example. MALD1 or ES mass spectrometry. A further increase in 

1 0 throughput can be obtained by introducing mass modifications in the oligonucleotide 
primer, the chain-terminaling nucleoside triphosphates and/or the chain-elongating 
nucleoside triphosphates, as well as using integrated tag sequences which allow 
multiplexing by hybridization of tag specific probes with mass differentiated molecular 
weights. 

15 

•prirf nrr*T« s i™ " f EKHBES 

FIGURE I is a representation of a process to generate the samples to be 
analyzed by mass spectrometry. This process entails insertion of a DNA fragment of 
unknown sequence into a cloning veclor ** derivatives of Mi3, pUC or phagemids; 

20 transforming the double-stranded form into the single-stranded form; performing the four 
Sanger sequencing reactions, linking the base-specifically terminated nested fragment 
Sanity temporarily to a solid support; removing by a washing step all by-products; 
conditioning the nested DNA or RNA fragments by. for example, cation-ion exchange or 
modification reagent and presetting the immobilized nested fragments either directly to 

25 mass spectrometric analysis or cleaving the purified fragment family off the support and 
evaporating the cleavage reagent. 

FIGURE 2A shows the Sanger sequencing products using ddTTP as 
terminating deoxynucleoslde triphosphate of a hypothetical DNA fragment of 50 
nucleotides (SEQ ID NO:3) In length with approximately equally balanced base 

30 composition. The molecular masses of the various chain terminated fragmente are given 
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FIGURE 2B shows an idealized mass spectrum of such a DNA fragment 

mixture 

FIGURES 3A and 3B show, in analogy to FIGURES 2A and 2B. data for 
the same model sequence (SEQ ID NO;3) with dd ATP as chain terminator. 

FIGURES 4 A and 4B show data, analogous to FIGURES 2A and 2B 
when ddGTP is used as a chain terminator for the same model sequence (SEQ ID NO:3). 

FIGURES 5 A and SB illustrate the results obtained where chain 
* termination is performed with ddCTP as a chain terminator, in a similar way as shown in 
FIGURES 2A and 2B for the same model sequence (SEQ ID NO:3). 

FIGURE 6 summarizes the results of FIGURES 2A to SB, showing die 
correlation of molecular weights of the nested four fragment families to (he DNA 
sequence (SEQ ID NO:3). 

FIGURE 7 illustrates the general structure of mass-modified sequencing 
nucleic acid primers or tag sequencing probes far either Sanger DNA or Sanger RNA 
sequencing. 

FIGURE 8 shows the general structure for the mass-modified 
triphosphates for either Sanger DNA or Sanger RNA sequencing. General formulas of 
the chain-elongating and the chain-terminating nucleoside triphosphates are 
demonstrated. 

FIGURE 9 outlines various linking chemistries (X) with either 
polyethylene glycol or terminally roonoaDcyiated polyethylene glycol (R) as an example. 

FIGURE 10 illustrates similar linking chemistries as shown in FIGURE 8 
find depicts various mass modifying moieties (R) 

FIGURE 11 outlines how multiplex mass spectxometric sequencing can 
work using the mass-modified nucleic add primer (UP). 

FIGURE 12 shows the process of multiplex mass spectrometry 
sequencing employing mass-modified chain-elongating and/or terminating nucleoside 
triphosphates. 

FIGURE 1 3 shows multiplex mass spectrometry sequencing by involving 
the hybridization f mass-modified tag sequence specific probes. 
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FIGURE 14 shows a MALD1-TOF spectrum of a mixture of 

oligothymidylic acids, d(pT) 

FIGURE 15 shows a superposition of MALDMOF spectra of the 50-mer 
d(TAACGGTCATTACGGCCATTGACTGTAGGACCTGCATTACATGACTAGCT) 
(SEO ID NO J) (500 finol) and dT(pdT) 99 (500 ftnol). 

FIGURE 16 shows the MALDI-TOF spectra of all 13 DNA sequences 
representing the nested dT-tenninated fragments of the Sanger DNA sequencing 
simulation of Figure 2, 500 finol each. 

FIGURE 17 shows the superposition of the spectra of FIGURE 16. The 
two panels show two dilFcrcnt scales and the spectra analyzed at that scale 

FIGURE 18 shows the superimposed MALDT-TOF spectra from MALDI- 
MS analysis of mass-mocfified oligonucleotides as described in Example 21. 

FIGURE 1 9 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a strong electrostatic interaction. 

FIGURE 20 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a charge transfer complex of a 
charge transfer acceptor (A) and a charge transfer donor (D). 

FIGURE 21 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a stable organic radical. 

FIGURE 22 illustrates a possible Hnking chemistry between the solid 
support (P) and the nucleic acid primer (NA) through Watson-Crick base pairing. 

FIGURE 23 illustrates linking the solid support (P) and the nucleic acid 
primer (NA) through a photolyticaily deavable bond. 

FIGURE 24 shows the portion of the sequence of pRFcl DNA, which 
was used as template for PCR amplification of unmodified and 7-deazapurine containing 
99-mer and 200-tner nucleic acids as well as the sequences of the 19-mer primers and the 
two 18-mer reverse primers 

FIGURE 25 shows the portion of the nucleotide sequence of M13rapl8 
RFI DNA, which was used for PCR ampUficatiott of unmodified and 7-deazapurine 
containing 103-roer nucleic acids. Also shown are nucleotide sequences of ihe 17-mer 
primers used in the PCR. 
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FIGURE 26 shows the result of a polyaoylanride gel electrophoresis of 
PCR products purified and concentrated for MALDI-TOF MS analysis. M: chain lengih 
marker, lane I: 7-deazapurine containing 99-mer PCR product, lane 2: unmodified 99- 
men lane 3: 7-deazapurine containing 103-mer and Jane 4: unmodified 103 -mer PCR 
5 product. 

FIGURE 27 : an autoradiogram of polyacrylamide gel electrophoresis of 
PCR reactions carried out with 5 1 -{ 32 PHabeled primers 1 and 4. Lanes 1 and 2: 
'unmodified and 7 -deazapurine modified 103-mer PCR product (53321 and 23520 
counts), lanes 3 and 4: unmodified and 7-deazapurine modified 200-mer (71123 and 
10 39582 counts) and lanes S and 6: unmodified and 7-deazapurine modified 99-ner 
( 1 732 1 6 and 94400 counts). 

FIGURE 28: a} MALDI-TOF mass spectrum of the unmodified 103-mer 
PCR products (sum of twelve angle shot spectra). The mean value of the masses 
calculated for the two single strands (31768 u and 31759 u) is 3 1763 u. Mass resolution: 
IS 1 8. b) MALDI-TOF mass spectrum of 7-deazapurine containing 103-mer PCR product 
(sum of three single shot spectra). The mean value of the masses calculated for the two 
single strands (3 1 727 u and 3 1 7 19 u) is 3 1723 u. Mass resolution: 67. 

FIGURE 29: a) MALDI-TOF mass spectrum of the unmodified 99-mer 
PCR product (sum of twenty single shot spectra). Values of the masses calculated for the 
20 two single strands: 3026 ) u and 30794 u. b) MALDI-TOF mass spectrum of the 7- 

deazapurine containing 99-mcr PCR product (sum of twelve single shot spectra). Values 
of the masses calculated fi>r the two single strands: 30224 a and 30750 u. 

FIGURE 30: a) MALDI-TOF mass spectrum of die unmodified 200-mer 
PCR product (sum of 30 single shot spectra) The mean value of the masses calculated 
25 for the two single strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28 b) 

MALDI-TOF mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 
30 single shot spectra). The mean value of the masses calculated for the two single 
strands (6 J 772 u and 6 1514 u) is 61643 u. Mass resolution: 39. 

FIGURE 3 1 : a) MALDI-TOF mass spectrum of 7-deazapurine containing 
30 1 00-mer PCR product with ribomodified primers. The mean value of die masses 

calculated for the two single strands (30529 u and 31095 u) is 30812 u b) MALDI-TOF 
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mass spectrum of the PCR-product after hydrolytic primer-cleavage. The mean value of 
the masses calculated for the two single strands (25 1 04 u and 25229 u) is 25 1 67 u The 
mean value of the cleaved primers (5437 u and 5918 u) is 5677 u, 

FIGURE 32 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained from a39-mer template (SEQ. ED. No. 13}> which was 
immobilized to streptavidin beads via a 3» biotinylation. A 14-mer primer (SEQ. ID NO. 
14) was used in the sequencing. 

FIGURE 33 shows a MALDI-TOP mass spectrum of a solid state 
sequencing of a 78-mer template (SEQ. ID. No. 15), which was tannobUiied to 
streptavidin beads via a 3 1 biotinylation. A 18-mer primer (SEQ ID No 16) and ddGTP 
were used in the sequencing. 

FIGURE 34 show a scheme in which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for solid 
state sequencing. 

FIGURE 35A-D shows MALD1-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinylated 18-mer 
(SEQ. ID. No. 20). leaving a 5 -base overhang, which captured a J 5-mer template (SEQ 
ID. No. 21). 

FIGURE 36 shows a stacking flurogram of the same products obtained 
from the reaction described in FIGURE 35. but run on a conventional DNA sequencer. 

Ttef aUg] Description frf jfefl Invention 

TWg invention describes an improved method of sequencing DNA In 
particular, this invention employs mass spectrometry to analyze the Sanger sequencing 

reaction mixtures. 

In Sanger sequencing, four families of chain-terminated fragments are 
obtained. The mass difference per nucleotide addition is 289. 1 9 for dpC 3 1 3.2 1 for dpA, 
329.21 for dpG and 304.2 for dpT, respectively. 

In one embodiment, through the separate determination of the molecular 
weights Of lhe four base-specifically terminated fragment families, the DNA sequence can 
be assigned via superposition (eg., interpolation) of the molecular weight peaks of the 
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four individual experiments. In another embodiment, the molecular weights of the four 
specifically terminated fragment families can be determined simultaneously by MS, either 
by mixing the products of all four reactions run in at least two separate reaction vessels 
(i.e., all run separately, or two together, or three together) or by running one reaction 
5 having all four chain-terminating nucleotides (e.g., a reaction mixture comprising dTTP, 
ddTTP, dATP, ddATP, dCTP, ddCTP, dGTP, ridGTP) in one reaction vessel. By 
simultaneously analyzing all four base-specifically terminated reaction products, the 
* molecular weight values have been, in effect, interpolated. Comparison of the mass 
difference measured between fragments with the known masses of each chain-terminating 

10 nucleotide allows the assignment of sequence to be carried oul In some instances, it msy 
be desirable to mass modify, as discussed below, the chain -terminal ing nucleotides so as 
to expand the difference in molecular weight between each nucleotide. It will be apparent 
to those skilled in the art when mass-modification of the chain-terminating nucleotides is 
desirable and can depend, for instance, on the resolving ability of the particular 

IS spectrometer employed. By way of example, it may be desirable to produce four chain- 
terminating nucleotides, ddTTP, ddCTP 1 , ddATP 2 and ddGTP 3 where ddCT?\ 
2 3 

ddATP and ddGTP have each been mass-modified so as to have molecular weights 
resolvable from one another by the particular spectrometer being used. 

The terms chain-elongating nucleotides and chain-terminating nucleotides 

20 are well known in the an. For DMA chain-elongating nucleotides include 
2*-d eoxyri bonucleotides and chain-terminating nucleotides include 
2\ 3 '-dideoxyrfconucleotides. For UNA, chato-eJaiigatuig nucleotides include 
ribonucelotides and chain-terminating nucleotides include 3 , -deoxyribonudeotides The 
term nucleotide is also well known in the act. For the purposes of this invention, 

25 nucleotides include nucleoside mono-, di-, and triphosphates. Nucleotides also include 
modified nucleotides such as phospJiorothioate nucleotides. 

Since mass spectrometry is a serial method, in contrast to currently used 
slab gel electrophoresis which allows several samples to be processed in parallel, hi 
another embodiment of this invention, & further improvement can be achieved by 

30 multiplex mass spectrometry DN A sequencing t allow simultaneous sequencing of more 
than neDNA or UNA fragment. As descried in more detail below, the range of about 
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300 mas* units between one nucleotide addition can be utilized by employing either mass- 
modified nucleic acid sequencing primers or chain-elongating and/or terminating 
nucleoside triphosphates so as to shift the molecular weight of Che base-specifically 
terminated fragments of a particular DNA or RNA species being sequenoed in a 
predetermined manner. For the first time; several sequencing reactions can be mass 
spectrometrically analyzed in parallel. In yel another embodiment of this invention, 
multiplex mass ipectrometric DNA sequencing can be performed by mass modifying the 
fragment families through specific oligonucleotides (tag probes) which hybridize to 
specific tag sequences within each of the fragment families. In another embodiment, the 
tag probe can be covalemly attached to the individual and specific tag sequence prior to 
mass spectrometry. 

Preferred mass spectrometer formats for use in the invention are matrix 
assisted laser desorption ionization (MALD1), electrospray (ES), ion cyclotron resonance 
(ICR) and Fourier Transform, for ES, the samples, dissolved in water or in a volatile 
buffer, are injected either continuously or discontinuously into an atmospheric pressure 
ionization interface (A?T> and then mass analyzed by a quadripole. The generation of 
multiple ion peaks which can be obtained using ES mass spectrometry can increase the 
accuracy of the mass determination. Even more detailed information on the specific 
structure can be obtained using an MS/MS quadmpnle configuration 

In MALDl mass spectrometry, various mass analyzers con be used, e.g., 
magnetic sector/magnetic deflection instruments in single or triple quadrupoie mode 
(MS/MS), Fourier transform and time-of-flight (TOF) configurations as is known in the 
an of mass spectrometry. For the desorpdon/iomzation process, numerous matrix/laser 
combinations can be used. Ion-trap and reflection configurations can also be employed. 

In one embodiment of the invention, the molecular weight values of at 
least two base-specifically terminated fragments are determined concurrently using mass 
spectrometry. The molecular weight values of preferably at least five and more 
preferably at least ten base-specifically terminated fragments are determined by mass 
spectrometry. Also included in the invention are determinations of the molecular weight 
values of at least 20 base-specifically terminated fragments and At least 30 base- 
specificaQy terminated fragments. Further, the nested base-specifically terminated 
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fragments in a specific set can be purified of aU reaciants and by-products but ait not 
separated from one another. The entire set of nested base-specifically terminated 
fragments is analyzed concurrently and the molecular weight values are determined. At 
least two base-specifically terminated fragments are analyzed concurrently by mass 
spectrometry when the fragments are contained in the same sample. 

In general, the overall mass spectrometry DNA sequencing process will 
start with a library of small genomic fragments obtained after first randomly or 
* specifically cutting the genomic DNA into large pieces which then, in several subdonmg 
steps, are reduced in size and inserted into vectors Eke derivatives of M13 or pUC (eg., 
Ml3mpI8 orM13mpl9) (see FIGURE I). In a different approach, the fragments 
inserted in vectors, such as Ml 3, are obtained via subdonmg starting with a cDNA 
library. In yet another approach, the DNA fragments to be sequenced are generated hy 
the polymerase chain reaction (e.g., Higuchi et a/., "A General Method of in vitro 
Preparation and Mutagenesis of DNA Fragments: Study of Protein and DNA 
Interactions/ Nydric Ackfe Rffi , Ifi, 7351-67 (1988)). As is known in the art, Sanger 
sequencing can start from one nucleic add primer (UP) binding to the plus-strand or from 
another nucleic acid primer binding to the opposite minus-strand. Thus, either the 
complementary sequence of both strands of a given unknown DNA sequence can he 
obtained (providing for reduction of ambiguity in the sequence determination) or the 
length of the sequence information obtainable from one clone can be extended by 
generating sequence information from both aids of the unknown vector-inserted DNA 
fragment. 

The nucleic acid primer carries, preferentially at the S'-end, a linking 
functionality, L, which can include a spacer of sufficient length and which can interact 
with a suitable functionality, L f , on a solid support to form a reversible linkage such as a 
photodeavable bond. Since each of the four Sanger sequencing families starts with a 
nucleic add primer (L-UP; FIGURE 1) this fragment feraily can be bound ro the solid 
support by reacting with functional groups, L' t on the surface o f a solid support and then 
intensively washed to remove all buffer salts, triphosphates, enzymes, reaction by- 
products, etc Furthermore, for mass spectrometry analysis, it can be of importance at 
this stage t ©(change the cation at the phosphate backbone f the DNA fragments in 
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order to eliminate peak broadening due to a heterogeneity hi the cations bound per 
nucleotide unii. Since the L-L 4 linkage is only of a temporary nature with ihe purpose to 
capture the nested Sanger DNA or RNA fragments to property condition them for mass 
spectrometry analysis, there are different chemistries which can serve this purpose. In 
5 addition to the examples given in which the nested fragments are coupled covalently to 
the solid support, washed, and cleaved off the support for mass spectrometric analysis, 
the temporary linkage can be such that h is cleaved under the conditions of mass 
'spectrometry, Le,, a photocleavablc bond such as a charge transfer complex or a stable 
organic radical Furthermore, the linkage can be formed with L' being a quaternary 
1 0 ammonium group (some examples are given in FIGURE 1 9). In this case> preferably, the 
surface of the solid support carries negative charges which repel the negatively charged 
nucleic add backbone and thus facilitates desorption. Desorption will take place either 
by the heat created by the laser pulse and/or, depending on U by specific absnrpdon of 
laser energy which is m resonance with the L' chromophore {see, e.g., examples given in 
1 5 FIGURE 1 9). The functionalities, L and (.,' can also form a charge transfer ootnplex and 
thereby form the temporary L-L' linkage. Various examples for appropriate 
functionalities with cither acceptor or donator properties are depicted without limitation 
in FIGURE 20. Since in many cases the "charge-transfer band" can be determined by 
UV/vis spectrometry (see eg. Organic ChsTff* Transfer Complies by R. Foster, 
20 Academic Press, 1969), the laser energy can be tuned to the corresponding energy of the 
chargotemsfer wavelength and, thus, a specific desorption off the solid support can be 
initiated. Those stilled in the art will recognize that several combinations can serve this 
purpose and that the donor functionality can be either on the solid support or coupled to 
the nested Sanger DNA/RNA fragments or vice versa 
25 In yet another approach, the temporary linkage L-L 1 can be generated by 

hotnolytically forming relatively stable radicals as exemplified in FIGURE 21. In example 
4 of FIGURE 21 , a combination of the approaches using charge-transfer complexes and 
stable organic radicals is shown. Here, the nested Sanger DNA>RNA fragments are 
captured via the formation of a charge transfer complex. Under the Influence of the laser 
30 pulse, desorption (as discussed above) as weU as ionization will take place at the radical 
position. In the other examples of FIGURE 21 under the influence of the laser pulse, the 
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L-L' linkage wUI be cleaved and the nested Sanger DNA/RNA fragments desorbed and 
subsequently ionized at the radical position formed Those skilled In the ait will 
recognize that other organic radicals can be selected and that, in relation to the 
dissociation energies needed to homolyticaily deave the bond between them, a 
5 corresponding laser wavelength can be selected (see e.g. Reactive Molecules by C. 
Wentnip, John Wiley & Sons, 1984). In yet another approach, the nested Sanger 
DNA/RNA fragments arc captured via Watson-Ciick base pairing to a solid support- 
bound oligonucleotide complementary to either the sequence of the nucleic acid primer or 
the tag oligonucleotide sequence (see FIGURE 22). The duplex formed will be cleaved 

10 under the influence of the laser pulse and desorption can be initiated. The solid support- 
bound base sequence can be presented through natural oligoribo or 
oligodeoxyribonudeotide as well as analogs (e.g. thio-modified phosphodiester or 
phosphotriester backbone) or employing oligonucleotide mimetics such as PNA analogs 
(see e g. Nielsen ci c/.. Sckncc 254, 1497 (1991)) which render the base sequence less 

15 susceptible to enzymatic degradation and hence increases overall stability of the solid 

support-bound capture base sequence. With appropriate bonds, L-L' t a cleavage can be 
obtained directly with a laser tuned to the energy necessary for bond cleavage. Thus, the 
immobilized nested Sanger fragments can be directly ablated during mass spectrometry 
analysis. 

20 Prior to mass spectrometry analysis, it may be useful to "condition" 

nucleic acid molecules, for example to decrease the laser energy required for volatization, 
to minimize fragmentation or to otherwise increase the sensitivity of mass spectrometeric 
detection. For example, nucleic acids can be "conditioned" by adding positive or 
negative charges, i.e. charge tags (CTs). CTs increase the mass spectrometer detection 

25 sensitivity by increasing the degree of ionization during the mass spectrometry 

(e.gMALDI) process. A CT can be linked either to the external 3 r or 5 1 position or 
internally e,g. at the T position or at the base, e.g. at C-5 in uracil. Co methyigroup of 
thymine, C-5 at cytoshie, at C' or C* of guanine, adenine and faypoxamhine or at the 
phosphate ester moiety. Charge tags, CTs, can function molecules with permanent (i.e. 

30 pH- independent) ionization, such as: 

Me. 
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15 



20 



25 




or molecules which generate a positive charge upon MALDL and which are stabilized by 
derealization of the positive charge by metomeric effects in unsaturated and/or aromatic 
systems such as: 



wherein, R, R 1 . R 1 - H.OAI (wherein Al- e g. lower aOcyl, methyl. 

ethyl, propyl), NO,. CN. COjH, CO, active ester, or 
halogen; and 

X = -O-, -NH-, -S-, C=0, OCO either in the para or meta 
position. 

For example, the positive charge of a trityl cation is produced during MALDI by the 
removal of a moiety such as: -OR, where R = a lower alkyl, or an anion such as OO/, 
SbF/,BF,ond the like. 

In an alternative scheme, the trityl group is used to anchor the 
oligonucleotide to a solid support via the tertiary carbon and this bond is cleaved during 
mass spectrometry (e.g MALDI), leaving a positive charge on the desorbing and high 
vacuum flying oligonucleotide. ft 




30 



d«j+uk- 



One of skill in the art can readily appreciate severalTariations to the schemes described 
above. In addition to employing the charge tag array alone, one of stall m the art can 
employ a charge tag array in conjunction with another conditioning means. Particularly 
preferred means to be used in conjunction with the CT include treating the 
phosphodiester bond with trialkylstlyl halides or the phosphomonothiodiester bond with 
aikyliodides lo render the polyawonic backbone neutral. 



WO 97/37041 



PCTVU897/ft4394 



-23- 

Another example of conditioning is modification of the phosphodiester 
backbone of the nucleic add molecule (e.g. cation exchange)* which can be useful for 
eliminating peak broadening due to a heterogeneity in the cations bound per nucleotide 
unit. In addition, a nucleic acid molecule can be contacted with an alkylating agent such 
5 as alkyiiodide, iodoacetamide, P-iodoethanol, or 2,3-epoxy-l -propanol, the monothio 
phosphodiester bonds nf a nucleic acid molecule can be transformed into a 
phosphotriester bond. likewise, phosphodiester bonds may be transformed to uncharged 
* derivatives employing trialkyUilyl chlorides Further conditioning involves incorporating 
nucleotides which reduce sensitivity for depurination (fragmentation during MS) such a* 

10 N7- or N9-deazapurine nucleotides, or RN A building blocks or using oligonucleotide 
triesters or incorporating phusphorothioate functions which arc alkylated or employing 
oligonucleotide mirnetics such as PNA. 

Modification of the phosphodiester backbone can be accomplished by, for 
example, using alpha-thio modified nucleotides for chain elongation and termination. 

1 5 With alkylating agents such as akyljodides* iodoacetamide, P-iodoethanoL 2,3-epoxy-l- 
propanoi (see FIGURE 10), the monothio phosphodiester bonds of the nested Sanger 
fragments are transformed into phosphotriester bonds. Multiplexing by mass 
modification in this case is obtained by mass-modifying the nucleic add primer (UP) or 
the nucleoside triphosphates at the sugar or the base moiety. To those skilled in the art, 

20 other modifications of the nested Sanger fragments can be envisioned, in one 

embodiment of the invention, the finking chemistry allows one to cleave off the so- 
purified nested DN A enzymaticaQy, chemically or physically. By way of example, the I ~ 
L' chemistry can be of a type of disulfide bond (chemically cleavable, for example, by 
roercaptoethanol or dithioerythrol), a biottn/streptavidin system, a heterobifimctional 

25 derivative of a trilyf ether group {Kdster ct al y °A Versatile Acid-Labile Linker for 

Modification of Synthetic Biomolecule^* Tetrahedron LfltEa 3 'r 7095 (1990)) which 
can be cleaved under mildly acidic conditions, a tevuiinyt group cleavablc under almost 
neutral conditions with a hydrazinurai/acetate buffer, an orginfoc-argioine or lysine-lysine 
bond cleavablc by an endopeptidase enzyme like trypan or a pyrophosphate bond 

30 deavable by a pyrophosphatase, a photodeavable bond which can be, for example, 
physically cleaved and the like (see, e.g., FIGURE 23). Optionally, another cation 
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exchange can be performed prior to mass spectrometnc analysis. In the instance lhat an 
enzyme-cleavable bond is utilized to immobilize the nested fragments, the enzyme used to 
cleave the bond can serve as an internal mass standard during MS analysis. 

The purification process and/or ion exchange process can be carried out by 
a number of other methods instead of, or in conjunction with, immobilization on a solid 
support. For example, the base-specifically terminated products can be separated from 
die reactants by dialysis, filtration (including uUraTillration), and chromatography. 
Likewise, these techniques can be used to exchange the cation of the phosphate backbone 
with a counter-ion which reduces peak broadening. 

The base-specifically terminated fragment families can be generated by 
standard Sanger sequencing using the Large Klenow fragment of £ cob DNA 
polymerase I, by Sequenase, Taq DNA polymerase and other UNA polymerases suitable 
for this purpose, thus generating nested DNA fragments for the mass spectrometry 
analysis. It is, however, part of this invention that base-specifically terminated RNA 
transcripts of the DN A fragments to be sequenced can also be utilized for mass 
spectrometnc sequence determination. In this case, various RNA polymerases such as 
the SP6 or the T7 RNA polymerase can be used on appropriate vectors containing, for 
example, the SP6" or the T7 promoters {e g. Axefrod et ai, Transcription from 
Bacteriophage T7 andSPo* RNA Polymerase Promoters in the Presence of 3 - 
Dcoxyribonudeoside S'-triphosphate Chain Terminators," PiochenTErtn' 21, 5716-23 
( 1985)). In this case, the unknown DMA sequence fragments axe inserted downstream 
from «uch promoters Transcription can also be initiated by a nucleic acid primer (P italic 
et aL , "Initiator Oligonucleotides for the Combination of Chemical and Enzymatic RNA 
Synthesis," fleneltt . 101-105 (1992)) which carries, as one embodiment of this 
invention, appropriate Unking functionalities, L, which allow the mraobuizaiion of the 
nested RNA fragments, as outlined above, prior to mass spectra men ic analysis for 
purification and/or appropriate modification and/or conditioning. 

For this imntobftization process of the DNA/RNA sequencing products for 
mass spectwnctric analysis, various solid supports can be used e g , beads (silica gel, 
controlled pore glass, magnetic beads, Sepbadex/Sepharose beads, cellul se beads, etc.), 
capillaries, glass fiber filters, glass surfaces, metal surfaces or plastic material. Examples 
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of useful plastic materials include membranes in Alter or microliter plate formats, die 
latter allowing the automation of the purification process by employing rnicrotiter plates 
which, as one embodiment of the invention, cany a permeable membrane in the bottom of 
the well functicmaHzed with L\ Membranes can be based on polyethylene, polypropylene, 
S polyamide, polyvinylidenedifluoride and the like. Examples of suitable metal surfaces 
include steel, gold, silver, aluminum, and copper. After purification, cation exchange, 
and/or modification of the phosphodiester backbone of the L-L' bound nested Sanger 
* fragments, they can be cleaved off the solid support chemically, eiuyraatically or 
physically. Also, the L-L' bound fragments can be cleaved from the support when they 

10 arc subjected to mass spectrometric analysis by using appropriately chosen L-L 1 linkage* 
and corresponding laser energies/intensities as described above and in FIGURES 1 9-23 . 

The highly purified, four bsse-spccificaliy terminated DNA or RNA 
fragment families are then analyzed with regard to their fragment lengths via 
determination of their respective molecular weights by MALDi or ES mass spectrometry. 

15 For ES, the samples, dissolved hi water or in a volatile buffer, are injected 

either continuously or discontinuous I y into an atmospheric pressure ionization interface 
(API) and then mass analyzed by a quadrupole. With the aid of a computer program, the 
molecular weight peaks are searched for the known molecular weight of the nucleic acid 
primer (UP) and determined which of the four chain-terminating nucleotides has been 

20 added to the UP. This represents the first nucleotide of the unknown sequence. Then, 
the second, the third, the n* extension product can be identified in a similar manner and, 
by this, the nucleotide sequence is assigned. Ihe generation of multiple ion peaks which 
can be obtained using ES mass spectrometry can increase the accuracy of the mass 
determination. 

25 In MALDI mass spectrometry, various mass analyzers can be used, e.g., 

magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS), Fourier transform and time-of-ffight (TOY) configurations as is known in the 
an of mass spectrometry. FIGURES 2A through 6 are given as an example of the data 
obtainable when sequencing a hypothetical DNA fragment of SO nucleotides in length 

30 (SEQ ID N0:3) and having a molecular weight of 1 5,344.02 daltons. The molecular 
weights calculated for the ddT (FIGURES 2A and 2B), dd A (FIGURES 3 A and 3B), 
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ddG (FIGURES 4A and 4B) and ddC (FIGURES SA and SB) terminated products arc 
given (corresponding to fragments ofSEQ ID NO:3) and the idealized four MALDI-TOF 
mass spectra shown. All four spectra are superimposed, and from this, the DNA 
sequence can be generated. This is shown in the summarizing FIGURE 6, demonstrating 

5 how the molecular weighis are correlated with the DNA sequence. MALDI-TOF spectra 
liave been generated for the ddT terminated products (FIGURE 16) corresponding to 
those shown in FIGURE 2 and these spectra have been superimposed (FIGURE 17). 
The correlation of calculated molecular weights of the ddT fragments and their 
experimentally-verified weights are shown in Table I. Likewise, if all four chain- 

10 terminating reactions are combined and then analyzed by mass spectrometry, the 

molecular weight difference between two adjacent peaks can be used to determine the 
sequence. For ihe desorptionTiomzation process, numerous matrix/laser corabinations 



Correlation of calculated and experimentally verified molecular weights of the 13 DNA 

fragments of FIGURES 2 and 16. 



can be used. 



15 



TABLE I 



Fragment 
(n-raer) 



calculated mass 



experimental mass 



difference 



20 



25 



30 



7-mer 

10- mcr 

11- mer 

19- mer 

20- mer 
24-mer 
26-mer 
33-mer 
3 7-mer 
38-mer 
42-tner 
46-mer 
50-mer 



2104.45 

3011.04 

3315.24 

5771.82 

6076.02 

7311.82 

7945.22 

1011263 

11348.43 

1 1652.62 

12872.42 

14108.22 

15344.02 



21199 

3026.1 

3330.1 

5788.0 

6093.8 

7374.9 

7960.9 

1012S.3 

11361.4 

11670.2 

12888.3 

14125.0 

15362.6 



+15.4 
+15.1 
»14.9 
+16.2 
+17.X 
463.1 
+15.7 
+12.7 
+13.0 
+17.6 
H5.9 
+16.8 
+18.6 
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In order to increase throughput to & level necessary for high volume 
genomic and cDNA sequencing projects, a further embodiment of the present invention is 
to utilize multiplex mass spectrometry to simultaneously determine more than one 
sequence. This can be achieved by several, albeit different, methodologies, the basic 
5 principle being the mass modification of the nucleic acid primer (UP), the chain- 
elongating and/or terminating nucleoside triphosphates, or by using mass-differentiated 
tag probes hybrid izable to specific tag sequences. The term "nucleic add primer" as used 
* hcrvm encompasses primers for both DNA and RNA Sanger sequencing. 

By way of example, FIGURE 7 presents a general formula of the middc 
10 add primer (UP) and the tag probes (TP). The mass modifying moieiy can be attached, 
fur instance, to either the S'-end of the oligonucleotide (m')> to the nurieobase (or bases) 

M % to the phosphate backbone (Nl\ and to the Z'-position of the nucleoside 

4 6 S 
(nucleosides) (M ,M ) or/and to the terminal 3 -position (M ). Primer length can vary 

between I and SO nucleotides in length. For the priming of DNA Sanger sequencing, the 

1 S primer is preferentially in the range of about 1 5 to 30 nucleotides in length. For 

artificially priming the transcription m a RNA polymeraso-mediated Sanger sequencing 
reaction, the length of the primer is preferentially in the range of about 2 to 6 nucleotides 
If a tag probe (TP) is to hybridize to the integrated tag sequence of a family chain- 
terminated fragments, its preferential length is about 20 nucleotides. 

20 The table in FIGURE 7 depicts some examples of mass- modified primer/tag 

probe configurations for DMA, as well as RNA, Sanger sequencing. This list is, however, 
not meant to be limiting, since numerous other combinations of massr-modiiying functions 
and positions within the oligonucleotide molecule are possible and are deemed part of the 
invention. The mass-modifying functionality can be, for example, a halogen, an azauo, or 

25 of the type. XR, wherein X is a linking group and R is a mass-modifying functionality. 
The mass-modifying functionality can thus be used to introduce defined mass increments 
into the oligonucleotide molecule. 

In another embodiment, the nucleotides used for chain-elongation and/or 
termination are mass-modified. Examples of such modified nucleotides are shown in 

30 FIGURE 8. Here the mass-modifying moiety, M, can be attached either to the 

micieobasc, (in case of the c -deazanucleosides also r C-7, M ),tothc triphosphate 
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group at the alpha phosphate, M 3 , or to the 2'-position of the sugar ring of the nucleoside 
triphosphate, M 4 and M* Furthermore, the mass-modifying functionality can be added 
so as to affect chain termination, such as by attaching it to the 3-position of the sugar 
ring in the nucleoside triphosphate, M 5 . The list in FIGURE 8 represents examples of 

5 possible configurations for generating chain-terminating nucleoside triphosphates for 
RNA or DNA Sanger sequencing. For those skilled in the art, however, it is clear that 
many other combinations can serve the purpose of the invention equally well. In the 
same way, those skilled in the art will recognize that chain-elongating nucleoside 
triphosphates can also be mass-modified fa a similar fashion with numerous variations and 

10 combinations in functionality and attachment positions. 

Without limiting the scope of the invention, FIGURE 9 gives a more 
detailed description of particular examples of how the mass-modification, M, can be 
introduced for X in XR as wdl as using oligoVpolyetbylene glycol derivatives for R The 
mass-modifying increment in this case is 44, i.e. five different mass-modified species can 

1 5 be generated by just changing m from 0 to 4 thus adding mass units of 45 <m=0), 89 
(m=l). 133 (m=2), 177 (m-3) and 221 (m=4) to the nucleic acid primer (UP), the tag 
probe (TP) or the nucleoside triphosphates respectively. The oligo/poiyethyleae glycols 
can also be monoalkyiated by a lower alkyl such as methyl, ethyl, propyl, isopropyl t- 
butyl and the Tike. A selection of linking fonctfanalities, X. arc also illustrated. Other 

20 chemistries can be used in the mass-modified compounds, as for example, those described 
recently in ffl fr^lentSHes and Analogues. APfffinfc fll Approach, F. Eckstein editor. 

IRL Press, Oxford. 1991. 

Tn yet another embodiment, various nwa-modifying functionalities. K, other 
than oligo/polyethyiene glycols, can be selected and attached via appropriate linking 
25 chemistries, X. Without any limitation, some example* arc given in FIGURE 10. A 
simple mass-modification can be achieved by substituting H for halogens like F, a Br 
and/or 1, or pscudohalogens such as SCN, NCS, or by using different alkyl, aryl oraralkyl 
moieties such as methyl, ethyl, propyl isopropyl, t-butyl, hcxyl phenyl, substituted 
phenyl, benzyl or functional groups such as CH 2 F. CHF 2 , CF 3 , SifCHj^. 

obtained by attaching homo- or hetcropeptides through X to the UP. TP or nucleoside 
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triphosphates. One example useful in generating mass-modified species with a mass 
increment of 57 is the attachment of oligoglyrinca, e.g., mass-modifications of 74 (p»l, 
mO), 131 (r=l, m^2) £ IRS (r-1. nv*), 245 (r=l, m=4) are achieved. Simple 
oligoamides also can be used, e.g., mass-modifications of 74 (r*L ni=0), 88 (r=2, m=0), 
102 (r=3, m=0). 1 16 (r=4, ihfO), etc. are obtainable. For those skilled in the art, it will 
be obvious that there are numerous possibilities in addition to those given in FIGURE 10 
and the above mentioned reference fOligonudeotide* and Analogy F. lick stein, 1991) % 
for introducing, in a predetermined manner, many different mass-modifying functionalities 
to UP. TP and nucleoside triphosphates which are acceptable for DNA and RNA Sanger 
sequencing. 

As used herein, the superscript 0-i designates i t 1 mass differentiated 

nucleotides, primers or tags. In some instances, the superscript 0 (e.g., NTP°, UP°) can 

designate an unmodified species of a particular reactant, and the superscript i (e.g., NT? 1 , 
I 2 

KIT , NTP , etc.) can designate the i-th mass-modified species of that reactam. If, for 

example, more than one species of nucleic acids (e.g., DNA clones) are to be 

concurrently sequenced by multiplex DNA sequencing, then i + 1 different mass-modified 
0 1 " 

nucleic acid primers (UP , UP '...UP 1 ) can be used to distinguish each set of hase- 
specifically terminated fragments, wherein each specks of mass-modified UP* can be 
distinguished by mass spectrometry from the rest. 

As illustrative embodiments of this invention, three different basic processes 
for multiplex mass spectrometry DNA sequencing employing the described mass- 
modified reagents are described below: 

A) Multiplexing by the use of mass-modified nucleic add primers 
(UP) for Sanger DNA or RNA sequencing (see for example FIGURE 1 1 ); 

8) Multiplexing by the use of mass-modified nucleoside 
triphosphates as chain dongatons and/or chain terminators for Sanger 
DNA or RNA sequencing (see for example FIGURE 12); and 

C) Multiplexing by the use of tag probes which specifically 
hybridize to tag sequences which are integrated into part of the four 
Sanger DNA/RN A base-specifically terminated fragment families. Mass 
modification here can be achieved as described for FIGURES 7, 9 and 10, 
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or alternately, by designing different oligonucleotide sequences having the 
same or different length with unmodified nucleotides which, in a 
predetermined way, generate appropriately differentiated molecular 
weights (see for example FIGURE 13). 
5 The process of multiplexing by mass-modified nucleic acid primers (UP) is 

illustrated by way of example in FIGURE 11 for mass analyzing four different DNA 
clones simultaneously. The first reaction mixture is obtained by standard Sanger DNA 
sequencing having unknown DNA fragment 1 (done 1) integrated b an appropriate 

vector (e.g., MUmplS), employing an unmodified nucleic acid primer UP , and a 

0 

10 standard mixture of the four unmodified deoxynucleoside triphosphates. dNTP . and 
with l/10th of one of the four dideoxynudeoside triphosphates, ddNTP . A second 
reaction mixture for DNA fragment 2 (done 2) is obtained by employing a mass-modified 
nucleic acid primer UP 1 and, as before, the four unmodified nucleoside triphosphates, 
dNTP°, containing in each separate Sanger reaction 1/1 0th of the chain-terminating 

15 unmodified dideoxynudeoside triphosphates ddNTP . In the other two experiments, the 
four Sanger reactions have the following compositions: DNA fragment 3 (clone 3), UP . 
dNTP°, ddNTP° and DNA fragment 4 (done 4). UP 3 , dNTP°, ddNTP For mass 
spectrometric DNA sequencing, all base-specifically terminated reactions of the four 
dones are pooled and mass analyzed. The various mass peaks belonging to the four 

20 dideoxy-terminaled (e.g., ddT-ternrinated) fragment families are assigned U> specifically 
elongated and ddT-temunated fragments by searching (such as by a computer program) 
for the known molecular ion peaks of UP°, UP 1 , UP 2 and UP* extended by other one of 
the four dideoxynudeoside triphosphates, UP°-ddN° UpUdN 0 UP -ddN and UP*- 
ddN° In this way, the first nudeotides of the four unknown DNA sequences of done I 

25 to 4 are determined. The process is repeated, having memorized the molecular masses of 
the four specific first extension products, until the four sequences are assigned. 
Unambiguous mass/sequence assignments are possible even in the worst case scenario in 
which the four mass-modified nucleic add primers are extended by the same ^ 
dideoxynudeoside triphosphate, the extension products then being, for example, UP - 

30 ddT, UP l -ddT, UP 2 -ddT and L'P 3 -ddT, which differ by the known mass increment 

differentiating the four nucleic add primers. In another embodiment of this invention, an 
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tnalogous technique U employed using different vectors containing, for example, the SP6 

and/or T7 promoter sequences, end performing transcription with the nucleic acid 

0 12 3 
primers UP > UP , UP and UP and either an RNA polymerase (e.g., SP6 or T7 RNA 

polymerase) with chain- elongating and terminating unmodified nucleoside triphosphates 
0 0 

5 NTP and3'-dNTP * Here, the DNA sequence is being determined by Sanger RNA 
sequencing. 

FIGURE 12 illustrates the process of multiplexing by rna&s-modified chain- 

* elongating or/and terminating nucleoside triphosphates in which three different DNA 

fragments (3 clones) are mass analyzed simultaneously. The first DNA Sanger 

1 0 sequencing reaction (DNA fragment 1 , done I) is the standard mixture employing 

unmodified nucleic acid primer UP°, dNTP° and in each of the four reactions one of the 

four ddNTP . The second (DNA fragment 2. done 2) and the third (DNA fragment 3 , 

done 3) have the following contents: UP°, dNTP°, ddNTP 1 and UP°, dNTP°, ddNTP 2 

, respectively. In a variation of this process, an amplification of the mass increment in 

1 5 mass-modifying the extended DNA fragments can be achieved by either using an equally 

12 

mass-modified deoxynudeoside triphosphate fi e-, dNTP , dNTP ) for chain elongation 

alone or in conjunction with the homologous equally mass-modified dideoxynudenside 

triphosphate. For the three clones depicted above, the contents of the reaction mixture 

can be as follows: either UP^dNTP^ddNTP 0 , UP°/dNTpVddNTP° and 

20 UP°/dNTP 2 /ddNTP° or UP°/dNlP 0 /ddNTP°, UP°/dNTP VddNTP 1 and 
0 2 2 

UP /dNTP /ddNTP , As described above, DNA sequencing can be performed by 
Sanger RNA sequencing employing unmodified nudeic add primers, UP°, and an 
appropriate mixture of chain-elongating and terminating nucleoside triphosphates. The 
mass-modification can be again either in the chain-terminating nucleoside triphosphate 

25 alone or in conjunction with mass-modified chain-dongatrng nucleoside triphosphates. 
Multiplexing is achieved by pooling the three base- specifically terminated sequencing 
reactions (e.g., the ddTTP terminated products) and simultaneously analyzing the pooled 
products by mass spectrometry. Again, the first extension products of the known nudeic 
acid primer sequence are assigned, eg. via a computer program. Mass/sequence 

30 assignments are possible even in the worst case in which the nudeic add primer is 

extended/terminated by the same nucleotide, e.g. f ddT, in all three doncs. The following 
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configurations thus obtained can be well differentiated by their different mass- 

0 0 0 1 0 2 
modifications: UP -ddT , UP -ddT , UP -ddT 

In yet another embodiment of this invention, DNA sequencing by multiplex 
mass spectrometry can be achieved by cloning the DNA fragments to be sequenced in 
S *plex- vectors 11 containing vector specific "tag sequences" as described (Kostet et al % 
"Oligonucleotide Synthesis and Multiplex DNA Sequencing Using Chenuluminescent 
Petition, » MACi fflt Adds Res . Symposium Ser No. 24, 318-321 (1991)}; then pooling 
dores from different pi ex-vectors for DNA preparation and the four separate Sanger 
sequencing reactions using standard dNTP^/ddNTP° and nucleic add primer UP , 

10 puriiying the four multiplex fragment families via linking to a solid support through the 
linking group, L, at the 5'-end of UP; wishing out all by-products, and cleaving the 
purified multiplex DNA fragments off the support or using the L-L' bound nested Sanger 
fragments as such for mass spedrometric analysis as described above; performing de- 
multiplexing by one*by»one hybridization of specific ''teg probes"; and subsequently 

1 5 analyzing by mass spectrometry (see, for example, FIGURE 13). As a reference point, 
the four base-specifically terminated multiplex DNA fragment families are run by the 
mass spectrometer and all ddT 0 -, ddA°-, ddC°- and ddG -terminated molecular ion 
peaks are respectively detected and memorized. Assignment of for example, ddT - 
terminated DNA fragments to a specific fragment family is accomplished by another mass 

20 spectrometry analysis after hybridisation of the specific tag probe (TP) to the 

corresponding tag sequence contained in the sequence of this specific fragment family. 
Only those molecular ion peaks which are capable of hybridizing to the specific tag probe 
are Shifted to a higher molecular mass by the same known mass increment (e.g. of the lag 
probe). These shifted ion peaks, by virtue nf all hybridizing to a specific tag probe. 

25 belong to the same fragment family. For a given fragment family, this is repeated for the 
remaining chain terminated fragment families with the same tag probe to assign the 
complete DNA sequence. This process is repeated i-l times corresponding to i clones 
multiplexed (the 

i-th clone is identified by default). 
30 The differentiation of the tag probes for the different multiplexed clones can 

be obtained just by the DNA sequence and its ability to Watson-Crick base pair to the tag 
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scquence. It is well known in the art how to calculate stringency conditions to provide 

for specific hybridization of a given tag probe with a given tag sequence (see, for 

example, Molecular Cloning A laboratory manual 2ed. ed, by Sambrook, Fritsch and 

Maniatis (Cold Spring Harbor Laboratory Presa: NY, 1989, Chapter 1 1). Furthermore. 

differentiation can be obtained by designing the tag sequence for each plex-vector to have 

a sufficient mass difference so as to be unique just by changing the length or base 

composition or by mass-modifications according to FIGURES 7, 9 and 10. In order to 

keep the duplex between the tag sequence and the tag probe intact during mass 

spectroraetric analysis, it is another embodiment of the invention to provide for a covalem 

attachment mediated by, for example, photoreactive groups such as psoralen and 

ellipticine and by other methods known co those skilled in the art (see, for example, 

Hti&ne et al. 9 l^ms 241 358 (1990) and Thuong et <iL "Oligonucleotides Attached to 

Intercalates, Photoreactive and Cleavage Agent*" in F. Eckstein, Oligonucleotide s a od 

Analogues A Practical Approach , ERL Press, Oxford 199] t 283-306). 

The DNA sequence is unraveled again by xearching for the lowest 

0 

molecular weight molecular ton peak corresponding to the known UP -tag sequence/tag 

0 

probe molecular weight plus the first extension product, e.g.. ddT , then the second, the 
third, etc. 

in a combination of the latter approach with the previously described 

multiplexing processes, a further increase in multiplexing can be achieved by using, in 

addition to the tag probe/tag sequence interaction, mass-modified nucleic acid primers 

0-5 

(FIGURE 7) and/or mass-modified deoxymideoside, dNTP * and/or dideoxynudcosidc 
triphosphates, ddWP . Those skilled in the art will realize thai the tag sequence/tag 
probe multiplexing approach is not limited to Sanger DNA sequencing generating nested 
DNA fragments with DNA polymerases. The DNA sequence can also be determined by 
transcribing the unknown DNA sequence from appropriate promoter-containing vectors 
(see above) with various RNA polymerases and mixtures of NTP°^/3 r -dNTP° H , thus 
generating nested RNA fragments 

In yet another embodiment of this invention, the mass-modifying 
functionality can be introduced by a two or multiple step process. In this case, the 
nucleic add primer, die chain-elongating or terminating nucleoside triphosphates and/or 
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the tag probes are, in a first step, modified by a precursor functionality such as azido, - 
N 3 , or modified with a functional group in which the R in XR is H (FIGURE 7, 9) thus 
providing temporary functions, e.g., but not limited to -OH, -NH2. -NHR. -SH, -NCS. 
-0C<XCtt 2 ) r CO0H (r = 1-20), -rJHCO(CH 2 ) r CO0H (r = 1-20), -OSO 2 0H. 
.OCO(CH 2 ) r I (r - 1-20), -0P(O-Alkyi)N(Alk>]) 2 . Th «*e less bulky functionalities result 
in better substrate properties for the enzymatic DNA or RNA synthesis reactions of the 
DNA sequencing process. The appropriate mass-modifying functionality is then 
introduced after the generation of the nested base-specifically terminated DNA or RNA 
fragments prior to mass spectrometry. Several examples of compounds which can serve 
as mass-modifying functionalities are depicted in FIGURES 9 And 1 0 without limiting the 
scope of this invention. 

Another aspe« of ihis invention concerns kit* for sequencing nucleic acids 
by mass spectrometry which include combinations of the above-described sequencing 
reactants. For instance, in one embodiment, the kit comprises reactants for multiplex 
mass spectrometry sequencing of several different species of nuekic acid. The kit can 
include a solid support having a linking functionality (L 1 ) for immobiUzation of the base- 
specifically terminated products; at least one nucleic acid primer having a finking group 
(L) for reverslbly and temporarily linking the primer and solid support through, for 
example, a photocleavable bond; a act of chain-elongating nucleotides (e g., dATP, 
dCTP, dGTP and dTTP, or ATP. CTP, GTP and UTP); a set of chain-terminating 
nucleotides (such as 2\3'-dideoxynudeotjdes for DNA synthesis or r-deoxymicleotides 
for RNA synthesis); and an appropriate polymerase for synthesizing complementary 
nucleotides. Primers and/or terminating nucleotides can be mass-modified so that the 
base-specifically terminated fragments generated from one of the species of nucleic acids 
to be sequenced can be distinguished by mass spectrometry from all of the others. 
Alternative to the use of mas*-modificd synthesis reactants. a set of tag probes (as 
described above) can be inchoded m the kit. The kit can also include appropriate buffers 
as wen as instructions for performing multiplex mass spectrometry to concurrently 
sequence multiple species of nucleic acids 

In another embodiment, a nucleic acid sequencing kit can comprise a solid 
support as described above, a primer for Initiating synthesis of complementary nucleic 
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add fragments, a set of chain-elongating nucleotides and an appropriate polymerase. The 
mass-modified chain-tcrmtnating nucleotides are selected so that the addition of one of 
the chain terminators to a growing complementary nucleic acid can be distinguished by 
mass spectrometry. 

The present invention is further illustrated by the following examples which 
should not be construed as limiting in any way. The contents of all cited references 
(including literature references, issued patents, published patent applications {including 
international patent application Publication Number WO 94/1 61 01 > entitled "DNA 
Sequencing by Mass Spectrometry* by H. Koestex; and international patent application 
Publication Number WO 94/21822 entitled °DNA Sequencing by Mass Spectrometry Via 
Exomjclease Degradation" by H. Koester), and co-pending patent applications, (xnduding 
U.S Patent Application Serial No. 08/406,199, entitled DNA Diagnostics Based on 
Mass Spectrometry* by H Koester), as cited throughout this application are hereby 
expressly incorporated by reference. 

EXAMPLE 1 

Immobilization of primer-extension products of Stager DNA sequencing reaction 

for mass spectrometry analysis via disulfide bonds. 

As a solid support, Soqudon membranes (Millipore Corp., Bedford, MA) 

with phenyl csotfctocyanate groups are used as a starting material. The membrane disks, 

with a diameter of 8 mm, are wetted with a solution of N-raethylmorpholine/water/2- 

propano) (NMM solution) (2/49/49 v/v/v), the excess liquid removed with titer paper 

and placed on a piece of plastic film or aluminum fin! located on a heating block set to 
o 

55 C. A solution of 1 mM 2-mercaptoethytamine (cystcanaine) or 2, T^dithio- 
bis(ethylamine) (cystamine) or SK2^opyridyO-2-thio^>1amine (JOul, 10 nmol) in 
NMM is added per disk and heated at 55°C. After IS mm, 10 ul of NMM solution are 
added per disk and heated for another 5 min Excess of hothiocyanate groups may be 
removed by treatment with 10 ul of a 10 mM solution of glycine in NMM solution. For 
cystamine, the disks arc treated with 10 ul of a solution of 1M aqueous ditluothreuo! 
(DTT)l2-propano[ (1: 1 v/v) for 15 mm at room temperature. Then, the disks are 
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thoroughly washed in a filtration manifold with 5 aliquots of I ml each of the NMM 
solution, then with 5 aliquots of 1 ral acetoritrile/water (l/l v/v) and subsequently dried. 
If not used immediately the disks are stored with free thiol groups in a solution of 1M 
aqueous dilWothreitcl/2-propanol (1: 1 vA«) and, before use, DTT is removed by three 
washings with I ml each of the NMM solution. The primer oligonucleotides with 5'-SH 
unetionaBty can be prepared by various methods (e.g.. B.CF Chu e( al, Mudeifi 
AadtRes. M, 5591-5603 (1986), Sproat etaL, NwJfte Adds R«. li. 4837-48 (1987) 
and f %™udeatid tt and toajflgufi£ * Practical Annroach (F. Eckstein, editor), IRL 
Press Oxford. 1991). Sequencing reactions according to the Sanger protocol are 
performed itia standard way (eg., H. Swerdlow et al, >icki& Acids Ke», US. 14)5-19 
(1990)). In the presence of about 7- 1 0 mM DTT the free 5'-thiol primer can be used, in 
other cases, the SH fanctionality can be protected, eg. by a trityl group during the 
Sanger sequencing reactions and removed prior to anchoring to the support in the 
following way. The four sequencing reactions (ISO ul each in an Eppendorf tube) arc 
terminated by a 1 0 min incubation at 70°C to denature the DNA polymerase ( such as 
Klenow fragment, Sequenase) and the reaction mixtures are ethanol precipitated The 
aupematants are removed and the pellets vortexed with 25 ul of an 1M aqueous silver 
nitrate solution, and after one hour at room temperature, 50 ul of an I M aqueous 
solution of DTT is added and mixed by vortexing. After 15 min. the mixtures are 
centriruged and the pellets are washed twice with 100 ul ethyl acetate by vortexing and 
centrifugadon to remove excess DTT. The primer extension products with free 5'-thiol 
group are now coupled to the thiolated membrane supports under mild oxidizing 
conditions. In general, it is sufficient to add the 5Mhiolated primer extension products 
dissolved in 10 ul 10 mM de-aerated triethyl ammonium acetate buffer (TEA A) pH 7.2 to 
the thiolated membrane supports. Coupling is achieved by drying the samples onto the 
membrane disks with a cold fan. This process can be repeated by wetting the membrane 
with 10 ul of 10 mM TEAA buffer pH 7.2 and drying as before. When using the 2- 
tWopyridyi derivatized compounds, anchoring con be monitored by the release of 
pyridine-2-thJone specvopholometrically at 343 am 

In another variation of this approach, the oligonucleotide primer is 
funcuonalized with an amino group at the 5'-eod which is introduced by standard 
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procedures during automated DNA synthesis. After primer extension, during the Sanger 
sequencing process, the primary amino group is reacted with 3-{2-pyridy3dithio) 
propionic acid N-hydroxysuuciirimide ester (SPDP) and subsequently coupled to the 
thiolated supports and monitored by the release of pyridyi-2-thione as described above. 
After deoaturation of DNA polymerase and ethanol precipitation of the sequencing 
products, the supernatant* are removed and the pellets dissolved in 10 ul 10 mM TEAA 
buffer pH 7.2 and 1 0 ul of a 2 mM solution of SPDP in 10 mM TEAA are added. The 
* reaction mixture is vortexed and incubated for 30 minat25°C Excess SPDP is then 
removed by three extractions (vortexrog, centrffiigatiori) with 50 ul each of ethangi and 
the resulting pellets are dissolved in 10 ul 10 mM TEAA buffer pH 72 and coupled to 
the thiolated supports (see above). 

The primer-extension produces are purified by washing the membrane disks 
three times each with 100 ul NMM solution and three times with 100 ul each of i 0 mM 
TEAA buffer pH 7.2. The purified primer-extension products are released by three 
successive treatments with 1 0 ul of 1 0 mM 2-mercaptoethanol in 10 mM TEAA buffer 
pH 7 X lyopMized and analyzed by either ES or MALDI mass spectrometry. 

This procedure can also be used for the mass-modified nucleic acid primers 

0-i. 

UP in an analogous and appropriate way, taking into account the chemical properties 
of the mass-modifying functionalities. 

EXAMPLE 2 

immobilization of primer-extension products of Sanger DNA sequencing reaction 

for mass spectrometric analysis via the levuiinyl group 

5-AminolevuKmc acid is protected at the primary amino group with the 

Fmoc group using 9-fluorenylmethyl N-suocinimidyl carbonate and is then transformed 

into the N-hydroxysucrinhnide ester (NHS ester} using N-hyd roxysuccmimide and 

dicydohexyi carbodiimide under standard conditions. For the Sanger sequencing 

0-i 

reactions, nucleic acid primers, UP , are used which are functionalized with a primary 
amino group at the S'-end introduced by standard procedures during automated DNA 
synthesis with aminohnker phosphoamidites as the final synthetic step. Sanger 
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sequencing is performed under standard conditions (see above). The four reaction 

mixtures (150 ul each in an Eppendorf tube) arc heated to 70°C for 10 min to inactivate 

the DNA polymerase, ethanol precipitated, cemrifoged and resuspended in 10 u) of 10 

mM TEAA buffer pH 7.2. 1 0 ul of a 2 mM solution of the Fmoc-5-aminotevulinyl-NRS 

5 ester in 10 mM TEAA buffer is added, vortexed and incubated at 2S°C for JO rain. The 

excess of the reagent is removed by ethanol precipitation and centrifiigation. The Fxnoc 

group is cleaved olTby resuspending the pellets in 10 ul of a solution of 20% piperidine in 
* o 

N,N-dimethy]formanwle/w8ter (1:1 v/v). After 15 min at 25 C. piperidine is thoroughly 
removed by three precipitation s/centrifijgations with 100 ul each of ethanol, :hc pellets 

1 0 are resuspended in 1 0 ul of a solution of N-methylmorpholine, 2-propanoi and water 

(2/10/88 v/v/v) and are coupled to the solid support carrying an isothiocyanatc group. In 
the case of the DITC-Sequelon membrane (Milliporc Corp., Bedford, MA), the 
membranes are prepared as described in EXAMPLE 1 and coupling is achieved on el 
heating block at 55°C es described above. RNA extension products are immobilized in 

] 5 an analogous way. The procedure can be applied to other solid supports with 
isothiocyanate groups in a similar manner. 

The immobilized primer-extension products are extensively washed three 
times with 100 ul each ofNMM solution and three times whh 100 ul 10 mM TEAA 
buffer pH 7.2. The purified primer-extension products are released by three successive 

20 treatments with 10 ul of 1 00 mM hydrazhuum acetate buffer pH 6. 5, lyophilLr.ed and 
analyzed by either £S or MALDI mass spectrometry. 

EXAMPLE? 

25 Immobilization of primer-exten jion products or Sanger 1>NA sequencing reaction 
far mass ipectrometric analysis via a trypsin lewiUve linkage 

Sequelon DTTC membrane disks of 8 mm diameter (Millipore Corp., 
Bedford, MA) are wetted with 10 ul of NMM solution (N-mcthylraorpholmc/propanaol- 
2/water, 2/49/49 vAaAt) and a linker arm introduced by reaction with 10 ul of a 1 0 mM 

30 solution of 1 ,6-diammohcxane m NMM. The excess diamine is removed by three 

washing steps whh 100 ul of NMM sohiti n. Using standard peptide synthesis protocols. 



WO 97/37041 



FCT/U697AM394 



-39- 

two L-lysine residues are attached by two successive condensations with N-Pmoc-N- 
tBoc-L-iysine pentafluorophenyiester, the terminal Fmoc group is removed with 
piperidine in NMM and the free o-arnino group coupled to 1 »4-phenylene 
diisothiocyanate (DITC) Excess DITC is removed by three washing steps with 100 ul 2- 
propanol and the N-tBoc groups removed with trifluoroacetic acid according to standard 
peptide synthesis procedures. The nucleic acid primer-extension products are prepared 
from oligonucleotides which carry a primary amino group at the 5'- terminus. The four 
* Sanger DNA sequencing reaction mixtures (1 SO ui each in Eppendoif tubes) are heated 
for 10 min at 70°C to inactivate the DNA polymerase, ethane I precipitated, and the 
pellets resuspended in 10 ul of a solution of N-metbylmorpholine, 2-propanol and water 
(2/10/88 v/v/v). This solution is transferred to the Lys-Lys-DITC membrane disks and 
coupled on a heating block set at SS°C. After drying, 10 ul of NMM solution is added 
and the drying process repeated. 

The immobilized primer-extension products are extensively washed three 
times with 1 00 ul each of NMM solution and three times with 100 ul each of 10 mM 
TEAA buffer pH 7.2. For mass spectrometry analysis, the bond between the primer- 
extension products and the solid support is cleaved by treatment with trypsin under 
standard conditions and the released products analyzed by either £5 or MALD! mass 
spectrometry with trypsin serving as an internal mass standard. 

EXAMPLE 4 

Immobilization of primer-extension products of Sanger DNA sequencing reaction 
for mass spectrometry analysts via pyrophosphate linkage 

The DITC Scquelon membrane (disks of 8 ran diameter) are prepared as 
described in EXAMPLE 3 and 10 ul of a 10 mM solution of 3-aminopyridine adenine 
dinucleotide (APAD) (Sigma) in NMM solution added. The excess APAD is removed by 
a 10 ul wash of NMM solution and the disks are treated with 10 ui of 10 mM sodium 
periodate in NMM solution (15 min, 25°C). Excess pcriodate is removed and the 
primer-extension products of the four Sanger DNA sequendng reactions (150 ul each in 
Eppendoif tubes) employing nucleic add primers with a primary amino group at the 5'- 
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end are ethanol precipitated, dissolved in 10 ui of a solution of N-me%lmorphoIine/2- 
propanol/water (2/10/88 v/wv) and coupled to the 2' J'-dialdehydo groups of the 

immobilized NAD analog. 

The primer-extension products are extensively washed with the NMM 
5 solution (3 times with 100 ul each) and 1 0 mM TEA A. buffer pll 7.2 (3 times with 100 ul 
each) and the purified primer-extension products are released by treatment with either 
NADaseorp>Tophosphataseiri 10mMTEAAbofferatpH7.2at 37 Cfor15rain, 
lyopMized and analyzed by either ES or MALDl mass spectrometry, the enzymes serving 
as internal mass standards. 

10 

EXAMELE S 



Synthesis of nucleic acid primers mass-modified by glycine residues at theS'- 
posttion of the sugar nwieiy of the terminal nucleoside 

, 5 Oligonucleotides are synthesized by standard automated DN A synthesis 

using O-cyanoetbylphosphoamidheft (H. KSster et td. % Nurteic Aftds fas. 12. 4539 
(1984)) and a S'-amino group is introduced at the end of solid phase DMA synthesis (e.g. 
Agmwal et aL t TJ..«l«n Adda Ra. 14, 6227-45 (1986) or Sproat et aL y fcifJfiSLAafc 
RffiL If, 61 81-96 (1987)). The total amount of an oligonucleotide synthesis, starting 
20 with 0.25 umol CPG-bound nucleoside, is unprotected with concentrated aqueous 

ammonia, purified viaOEgoPAK™ Cartridges (MflBpore Corp.. Bedford. MA) and 
lyopbiUzed. This material with a ^-terminal amino group is dissolved in 100 ul absolute 
KN-dimetnyiformatnidc (DMF) and condensed with 10 nmoteN-Fmoc-glycine 
pentafluorophenyi ester for 60 mm at 25°C After ethanol precipitation and 
25 centrifitgation, theFmoc group is cleaved off by a 10 min treatmenr with 100 ul of a 

solution of 20% piperidine in N.N-dimediylformamide. Excess piperidine, DMF and the 
cleavage product from the Fmoc group are removed by ethanol precipitation and the 
precipitate lyophili*ed from »0 mM TEA A buffer pH 12. This material is now ehw 
used as primer for the Sanger DNA sequencing reactions or one or more glycine residues 
(or ther suitable protected amino acid active esters) are added to create a series of mass- 
modified primer oligonucleotides suitable for Sanger DNA or RNA sequencing 



30 
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0-i 

Immobilization of these mass-modified nucleic acid primers UP after primer-extension 
dining the sequencing process can be achieved as described, e.g., in EXAMPLES 1 to 4. 

EXAMPLE 6 

5 

Synthesis of nucleic acid primers mass -modified at C-5 of the heterocyclic base of a 
jiyr&midiite nucleoside with glycine residues 

Starting material was SO -aminopro pynyl - 1 }-3 ' S'-di-p-tolytteoxyuridine 
prepared and 3' S'-de-O-acyfated according to literature procedures (Haralambidis a aL % 

10 Nucleic Actd« Reg 1ft, 4857-76 (1987)). 0.281 g(l.Ommolc) 5-(3-aminopropynyM)-2'- 
deoxyuridine were reacted witb 0.927 g (2.0 nunole) N-Fmoo*glycine 
pentafiuorophenyl ester in 5 ml absolute N^N-dimetbylfbrmamide in the presence of 0. 129 
g (1 rnniole; 174 ul) NJSkiiisopropylethylaiiune for 60 min at room temperature 
Solvents were removed by rotary evaporation and the product was purified by silica gel 

15 chromatography (Kiesdge! GO, Merck; column: 2,5x 50 cm, clution with 

chlorofbrm/methanol mixtures). Yield was 0.44 g (0.78 mmole, 78 %). In order to add 
another glycine residue, the Fmoc group is removed with a 20 min treatment with 20% 
solution of pipe riding In DMF, evaporated in vacuo and the remaining solid material 
extracted three times with 20 mJ ethyiacetate. After having removed the remaining 

20 ethylacetate, N-Fraoc-gtycine pent aflu orop b eny] ester is coupled as described above. 5- 
(3 -<N -Fmoc-g(ycy1>amidopropyn>i- 1 )-2*-deoxyurid« e is transformed into the S'-O- 
dimetfaoxytrttylaied nucleoside- 3 '-O - B-c>'anoethyl-N, N-diisopropy 1 phosphoaraidite and 
incorporated into automated oligonucleotide synthesis by standard procedures (H. KOster 
€t a/., Nucleic Acids Res 12. 2261 (1984)). This glycine modified thymidine analogue 

25 building block for chemical DMA synthesis can be used to substitute one or more of the 
thymidine/uridine nucleotides in the nucleic acid primer sequence. The Fmoc group is 
removed at the end of the solid phase synthesis with a 20 mm treatment with a 20 % 
solution of ptpericfine in DMF at room temperature. DMF is removed by a washing step 
with acetonitrilc and the oligonucleotide deprotected and purified in the standard way 

30 
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Syntbcsis of a nucleic acid primer misa-modified at C-5 of the heterocyclic base of 
a pyrimidiric nucleoside with 0-fllanine residues 

Starting material was fee same as in EXAMPLE 6. 0.28 1 g ( 1 .0 mmole) 
S^S-Aniinopropynyl-O-a'-deoxyuridbc wa$ reacted with N^Fmoc-6-alanine 
pcnlafluorophenylester (0 955 g, 2.0 mmole) in 5 ml HN-dimethylformamide (DMF) in 
the presence of 0.129 g (174 ul; 1 .0 mmofe) N,N-disopropyJethylamine for 60 min at 
room temperature. Solvents were removed and the product purified by silica get 
chromatography as described m EXAMPLE 6. Yield was 0.425 g (0.74 mmole. 74 %). 
Another B-alanine moiety can be added in exactly the same way after removal of the 
Fmoc group. The preparation of ihe 5-O-diinethoxvtrityiated nudeoside-3'-0-(J- 
cyanoethyl-N t N-drisopropylphosphoamidite from 5-(3-(N*Fmuc-G~alanyl)- 
amidopropynyl-l)-2-deoicyuridine and incorporation into automated oligonucleotide 
synthesis is performed under standard conditions. This building block can substitute for 
any of the th>Tnidinc/uridine residues in the nucleic acid primer sequence. In the case of 
only one incorporated mass-modified nucleotide, the nucleic add primer molecules 
prepared according to EXAMPLES 6 and 7 would have a mass difference of 14 daltons. 
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Synthesis of a nucleic acid primer mass-modified at C-5 of the heterocyclic base of 
a pyrimidine nucleoside with ethylene glycol monomethyl ether 

5 As a nucleoside component, 5^3-aminopropynyl-l }-2'-deoxyuridinc was 

used in this example (sec EXAMPLES 6 and 7). The rnass-mocfifying functionality was 
obtained as follows: 761 g (1O0.O nunole) freshly dialled ethylene glycol monomethyl 
' ether dissolved in 50 ml absolute pyridine was reacted with 10.01 g (100.0 nunole) 
recrystaliized succinic anhydride in the presence of 1.22 g (10.0 nunole) 4-N,N- 

10 dimethylaminopyridme overnight at room temperature. The reaction was terminated by 
the addition of water (5.0 ml), the reaction mixture evaporated in vacuo, co-evaporated 
twice with dry toluene (20 ml each) and the residue redissolved in 100 ml 
dichtoromethane. The solution was extracted successively, twice with 10 % aqueous 
citric acid (2 x 20 ml) and once with water (20 ml) and the organic phase dried over 

1 5 anhydrous sodium sulfate. The organic phase was evaporated in vacuo, the residue 
redissolved in SO ml dichloroxnethane and precipitated into 500 ml pentane and the 
precipitate dried in vacuo Yield was 13.12 g (74.0 ramole; 74 %). 8.86 g (50.0 mmole) 
of succinyiated ethylene glycol monomethyl ether was dissolved in 100 ml dioxane 
containing 5% dry pyridine (5 ml) and 6 96 g (50 O mmole) 4-nhrophenol and 10.32 g 

20 (50.0 mmole) dicyclohexy lcarbodiimi dc was added and the reaction run at room 
temperature for 4 hours. Dicydohexyhirea was removed by filtration, the filtrate 
evaporated in vacuo and die residue redissolved in 50 ml anhydrous DMF. 12.3 ml 
(about 12.5 mmole 4-nhrophenylester) of this solution was used to dissolve 2.81 g (10.0 
mmole) 5- (3 -aminopropyny 1- 1 >2'«deo xyuridine. The reaction was performed in this 

25 presence of 1 .0 1 g (10.0 mmole; 1 .4 ml) trie* hylamine at room temperaiut c overnight 
The reaction mixture was evaporated in vacuo, co-evaporatcd with toluene, redissolved 
in dichloramethaoe and chromatographed on silicagd (Si60, Merck; column 4x50 cm) 
with dichloromethane'methanol mixtures. The fractions containing the desired compound 
were collected, evaporated, redissolved in 25 ml djchloromcthane and precipitated into 

30 250 ml pentane. The dried precipitate of 5-(3-N-(0-$ucriny1 ethylene glycol monomethyl 
cther)-amidopropynyl- iy2'-deoxyuridine (yidd: 65 %) is 5'-0-dimethux>tritylatcd and 
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trensformed into the nudeoside^'-O-B-cyaiioethyl-N, N-dHsopropylphosphoamidite and 
incorporated as a building block in the automated oligonucleotide synthesis according to 
standard procedures. The mass-modified nucleotide can substitute for one or more of the 
thymidine/uridine residues in the nucleic acid primer sequence. Deprotection and 
5 purification of the primer oligonucleotide also follows standard procedures. 
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EXAMPLE 8 

Synthesis or a nucleic acid primer mass-modified at C-5 of (he heterocyclic base or 
a pyrinridhie nucleoside with diethylene glycol monocnethyl ether 

5 Nucleosidic starting material was as in previous examples. 5-(3- 

aminopropynyM )~2'^eoxyuridine. Tie mass-modifying functionality was obtained 
similar to EXAMPLE 8. 12.02 g < 100.0 mmole) freshly distilled di ethylene glycol 
* monomeihyl ether dissolved in 50 ml absolute pyridine was reacted with 10.01 g {100.0 
mmcle) recrystallized succinic anhydride m the presence of 1 .22 g (10.0 mmole) 4-N, N- 

1 0 dimeth>laminopyridinc (DMAP) overnight at room temperature. The work-up was as 
described in EXAMPLE 8. Yield was 18.35 g (82.3 mmole, 82.3 %). 11 .06 g (50.0 
mmole) of succinytated diethylene glycol monomcchyl ether was transformed into the 4- 
nitrophenyiestcr and, subsequently, 12.5 mmole was reacted with 2,81 g (1 0.0 mmole) of 
S-fS-aminopropynyl-O-y-dcoxyuridiiie as described in EXAMPLE 8. Yield after silica 

1 5 gel column chromatography and precipitation into pentane was 3 .34 g (6.9 mroule, 69 
%). Afier dimethoxytritylation and transformation into the nucleoside-^ 
cyanoethyjphosphoanridite, the mass-modified building block is incorporated into 

automated chemical DNA synthesis according to standard procedures. Within the 

0-i . ♦ 

sequence of the nucleic acid primer UP % nne or more of the thymidine/uridine residues 

20 can be substituted by this mass-modified nucleotide. In the case of only one incorporated 

mass-modified nucleotide, the nucleic acid primers of EXAMPLES 8 and 9 would have a 

mass difference of 44.05 dattons 

EXAMPLE IP 

25 

Synthesis ofa nucleic acid primer mass-modified at C-8 of the heterocyclic base of 
dcoxyadeaosine with glycine 

6 

Starting materia! was N -benzc^-W)romo-5 , -0-(4,4 , -<^imethoxytrity3)-2 , - 
deoxyadenosine prepared according to Eterature (Singh ft at. , Nucleic Adda KffiL IS, 
30 3339-45 (1990)). 632.5 mg (1.0 mmole) of tHs 8-bromo-deoxyadenosbe derivative was 
suspended in S ml absolut ethanol and reacted with 251 2 mg (2.0 mmole) glycine 
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methyl ester (hydrochloride) in the presence of 241 4 mg (2. 1 nrniole; 366 ul) N, N- 
diisopropylethylamine and refluxed until the starting nucleoside material had disappeared 
(4-6 hours) as checked by thin layer chromatography (TLC). The solvent was 
evaporated and the residue purified by silica gel chromatography (column 2.5x50 cm) 

5 using solvent mixtures of chlorafonnfmethanol containing 0. J % pyridine. The product 
fractions were combined, the solvent evaporated, the fractions dissolved in 5 ml 
dichloromethane and precipitated into 100 ml pentanc Yield was 487 mg (0.76 mmoie, 
76 %). Transformation into the correspond^ niicleowde^^-cq^noethylphoaphoamidite 
and integration into automated chemical DNA synthesis is performed under standard 

10 conditions. During final deprotection with aqueous concentrated ammonia, the methyl 
group is removed from the glycine moiety. The mass-modified building block can 
substitute one or more deoxyadenosmc/adenosine residues in the nucleic acid primer 
sequence. 

15 EXAMFLEU 

Synthesb of a nucleic acid primer mass-modified at C-3 cf the heterocyclic base of 
deoxyadenosiue with glycylglydnc 

This derivative was prepared in analogy to the glycine derivative of 
20 EXAMPLE 10. 632.5 mg (1-0 mmolc) N 6 *Benzoyl-$-bromo-5 , -0-(4,4^ 

dimethoxytrHyl)-2 , -deoxyadeiiosine was suspended in 5 ml absolute ethanol and reacted 
with 324.3 mg (2.0 mmole) glycyi-glychie methyl ester in the presence of 241.4 mg (2.1 
ramole, 366 |il) 

H N-diisopropylethylanrine The mixture was refluxed and completeness of the reaction 
25 checked by TLC. Work-up and purification was similar to that described in EXAMPLE 
10, Yield after silica gel column chromatography and precipitation into pentane ivas 464 
mg (0.65 mmole, 65 %). Transformation into the nucteoside-B- 
cyanoethylphosphoamidite and into synthetic oligonucleotides is done according to 
standard procedures. In the case where only one of the deoxyadenusine/adenosine 
30 residues in the nucleic acid primer is substituted by this mass-modified nucleotide, the 
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mass difference between the nucleic add primers of EXAMPLES 10 and ] 1 is 57.03 dalions 

EXAMPLE 12 

5 Synthesis of a nucleic acid primer mass-modified at the C-2* or the sugar moiety of 
2 -a min o-2 '-deoxy thymidine with ethylene glycol monomethyl ether residues 

Starting material was S , -0^4 a 4^bielhoxytriiytV2 l -amino-2 a - 
deoxythyraidine synthesized according to published procedures (e.g., Verheyden etal./L 
Qrg Chem 26, 250-254 (1971); Sasaki et a/., J. Org Chem ^ 3138-3 143 (1976); 

10 Iraazawa et al J Org. Chcm 44, 2039-204 1 (1 979); Hobbs et aL J Orp Chem 42, 
714-719 (1976); Ikeharae/ a/, Chem Pharm ftnlf j™™ 2& 240-244 (1978); see also 
PCT Application WO 88/00201). 5 , -0-(4,4-Dimethoxyt^ityl)-2'-amiIlo-2 , - 
deoxythymidtne (559.62 mg; 1.0 mmole) was reacted with 2.0 mmoJe of the 4- 
nitrophenyl ester of sucrinylated ethylene glycol monomethyl ether (see EXAMPLE 8) in 

IS 10 ml dry DMF in the presence of 1 .0 nimole ( 1 40 pi) triethytamine for 1 8 hours at room 
temperature The reaction mixture was evaporated m vacuo, co- evaporated with 
toluene, redissolved in dichloromethanc and purified by silica gel chromatography (Si60, 
Merck; column; 2.5x50 cm; eluent: chloroform/met hand mixtures containing 0.1 % 
triethyiaraine). The product containing fractions were combined, evaporated and 

20 precipitated into pentane. Yield was 524 mg (0.73 mmol, 73 %). Transformation into 
the nudeoside-Q-^yanoethyl-N^ and incorporation into the 

automated chemical DNA synthesis protocol i* performed by standard procedure*. The 
mass-modified deoxythymidine derivative can substitute for one or more of the thymidine 
residues in the nucleic add primer. 

25 In an analogous way. by employing the 4~nilrophenyl ester of sucrinylated 

diethylene glycol monomethyl ether (see EXAMPLE 9) and methylene glycol 
monomethyl ether, the corresponding mass-modified oligonucleotides are prepared. In 
the case of only one incorporated mass-modified nucleoside within the sequence, the 
mass difference between the ethylene, diethylene and methylene glycol derivatives is 

30 44.05, 88. 1 and 132. 1 5 daltons respectively. 
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EXAMEL1 13 

Synthesis of a nucleic acid primer mass modified in (he internudeotidic linkage via 
alkylation of phosphorothioate groups 

Phosphoroihioate-containing oligonucleotides were prepared according to 
standard procedures (see eg. Gait etat., Nucleic Acids Res.. 12 1 183 (1991)). One, 
several or all intemudeotide linkages can be modiSed in this way. The (-)-M 1 3 nucleic 
acid primer sequence (1 7-mer) S'-dGTAAAACGACGGCCAGT was synthesized in 0.25 
pmole scale on a DNA synthesizer and one phosphorothioate group introduced after the 
Gnal synthesis cycle (G to T coupling). Supination, deproteetion and purification 
followed standard protocols. Yield was 3 1.4 nraole (12.6% overall yield), 
corresponding to 3 1 .4 nmole phosphorothioate groups. Alkylation was performed by 
dissolving the residue in 3 1.4 ul TE buffer (0.01 M Tris pH 8.0. 0.001 M EDTA) and by 
adding 16 pi of a solution of 20 mM solution of 2-iodoethanol (320 nmole; i.e., 10-fold 
excess with respect to phosphorothioate diesters) iti N.N-dimetnylformanude (DMF) 
The alkylated oligonucleotide was purified by standard reversed phase HPLC (RP-18 
Ultraphere, Beckman; column: 4.5 x 250 mm. 100 mM triethylammonium acetate. pH 7.0 
and a gradient of 5 to 40 % acetonitrile). 

in a variation of this procedure, the nucleic acid primer containing one or 
more phosphorothioate phosphodiester bond is used in the Sanger sequencing reactions. 
The primer-extension products of the four sequencing reactions are purified as 
exemplified in EXAMPLES I - 4, cleaved off the solid support, lyophib'zed and dissolved 
In 4 pi each of TE buffer pH 8.0 and alkylated by addition of 2 pi of a 20 mM solution of 
2-iodoetbanol in DMF. It is then analyzed by ES and/or MALDl mass spectrometry. 

In an analogous way, employing instead of 2-iodoethanol, e.g., 3- 
iodopropanol, 4-iodobutanol mass-modified nucleic acid primer are obtained with a mass 
difference of 14.03. 28.06 and 42.03 dallons respectively compared to the unmodified 
phosphorothioate phosphodiester-containing oligonucleotide. 



EXAMPLE 14 
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Synthesis df2^amino~2^deoxyuridine-5Mripliosphate and 3'-arnino-r,3'- 
dideoxyihymidine-S'-triphosphate mass-modified At the 2'- or 3 -amino function 
with glycine or fi-atanine residues 

Starting material was ^azido-T-deoxyuridme prepared according 10 
5 literature (Verheyden el *A , J Org Chem 2fi, 250 (1971)), which was 4,4- 

dimethnxytritylated at 5'-OH with 4,4-dimethoxytrilyl chloride in pyridine and acetylated 
ai 3'-OH with acetic anhydride in a one-pot reaction using standard reaction conditions. 
* With 191 mg (0.71 mmole) 2 , -azido-2 , -dcoxyuridlnc as starting material, 396 mg (0.65 
mmol, 90.8 %) 5'^-(4,4-dimethoxytrity^ was 

10 obtained after purification via silica gd chromatography. Reduction of the azido group 
was performed using published conditions (Barta et aL. Tetrahedron 46 . 587-594 
(1990)). Yield of S'-0-(4,4^intethoxymty^ after 
silica geJ chromatography was 288 mg (0.49 minole; 76 %). This protected r-omino-Z- 
deoxyuridine derivative (588 mg, 1.0 mmole) was reacted with 2 equivalents (927 mg, 

15 2.0 mmole) N-Fmoc-glycine pentafluorophenyl ester in 1 0 ml dry DMF overnight at 
room temperature in the presence of 1.0 mmole ( 1 74 jil) N,N-diisopropylethyknime, 
Solvents were removed by evaporation in vacuo and the residue purified by silica gel 
chromatography. Yield was 71 1 mg (0.7 1 mmole, 82 %). Detritylation was achieved by 
a one hour treatment with 80% aqueous acetic add at room temperature. The residue 

20 was evaporated to dryness, co-evaporated twice with toluene, suspended in I ml dry 

acetonitrile and 5 1 -phospborykted with POCI3 according to literature (Y<«hilcawa et a/., 
Bull Chem Sog Japan & 3505 (1969) and Sowa et aL. Bull. QlfflL SOC Japan 48. 
20X4 (1 975)) and directly transformed in a onc-pot reaction to the S'-criphospbate using 3 
ml of a 0.5 M solution (1.5 mmole) tetra (tri-n-butyiammonium ) pyrophosphate in DMF 

25 according to literature (e.g. Seela ei aL, Helvetica Chi mica Acta 21, 1 048 ( 1 99 1 )}. The 
Fmoc and the 3'-0-acetyl groups were removed by a one-hour treatment with 
concentrated aqueous ammonia at room temperature and the reaction mixture evaporated 
and lyophftized Purification also followed standard procedures by using ani on-exchange 
chromatography on DHAE-Scphadex with a fmcar gradient of Iriethylamraonium 

30 bicarbonate (0.1 M - 1.0 M). Triphosphate containing fractions (checked by thin layer 
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chromatography on poJycthyicnciminc cellulose plates) were collected, evaporated and 
lyophilized. Yield (by UV-absoitance of the uracil moiety) was 68% (0.4B mmole). 

A glycyUglycine modified r-amina-^deoxyuridme-S'-tiiphosphate was 
obtained by removing the Fmoc group from 5 , -0-(4 1 4^imethoxytrityl)-3 -O-aoetyi-2-N- 

5 fl uoreny Imethy loxy caibony Uglycy l)-2 -amino- 2-deoxyuridme by a one-hour 

treatment with a 20% solution of piperidine in DMF at room temperature, evaporation of 
solvents, two-fold co-evaporation with toluene and subsequent condensation with N- 
Fmoc-glycuie penlafluorophenyl ester. Starting with 10 mmole of the 2'-N-giycyl-2 1 - 
anrino-2 -deoxyuridine derivative and following the procedure described above, 0.72 

1 0 mmole (72%) of the corresponding ^-(N-glycyl-glycyl)-2 , -alnino-2 , -deoxyurid , me-5 , - 
triphosphate was obtained. 

Starting with 5^^4,4-dimcthoxytrityl)-3 , -0-acetyl-2 , -a^lino-2 , - 
deoxyiiridine and coupling with N-Fmoc-D-alanine pentafluorophenyl ester, the 
corresponding ^-{N-J^alany^^TTiiiio-S'^oxyuridine-S'-triphosphate can be 

1 5 synthesized. These modified nucleoside triphosphates are incorporated during the Sanger 
DNA sequencing process in the primer-extension products. The mass difference between 
the glycine* B-alanine and glycyUglycme mass-modified nucleosides is* per nucleotide 
incorporated, 5B.06, 72.09 and 11 5. 1 daltons respectively. 

When starting with 5 , ^4,4-d^melhoxytrilyr)-3 , -amino-2^3 , - 

2t> dtdeox>thymidine (obtained by published procedures, see EXAMPLE 12), the 

corresponding 3XN-giycy!y3'-amincW 3X-N-^y^gb^3 , -amino-/ and 3HN-U- 
aianyI)-3 , -amino-2\3 , -<rideaxy^ can be obtained. These mass- 

modified nucleoside triphosphates serve as a terminating nucleotide unit in the Sanger 
DNA sequencing reactions providing a mass difference per terminated fragment of 58.06, 

25 72,09 and U 5. 1 daltons respectively when used in the multiplexing sequencing mode. 
The mass-differentiated fragments can then be analyzed by ES and/or MALD1 mass 
spectrometry. 



30 
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SynthoU of deoiyuridine-S'-triphoiphate mass-modified at OS or the heterocyclic 
base with glycine, gJycyl-glycine and 0-alanine residues. 

0.2B J g (J.O ramole) S-O-Aminopropyjiyl-O^'-deoxyuridiiie (see 
EXAMPLE 6) was reacted with cither 0.927 g (2.0 mmole) N-Fmoo-glycine 
5 pentafluorophenylester or 0.95 5g (2.0 mmole) N-Fmoc-B-alanine pemafluorophenyl ester 
in 5 ml dry PMF in the presence of 0. 129 g N, N-diisopropylethylamine (174 ul, 1.0 
mmole) overnight ac room temperature Solvents were removed by evaporation in vacuo 
* and die condensation products purified by flash chromatography on silica gd (St 31 et oL , 
J Org Chem £L 2923-2925 (1978)). Yields were 476 mg (0.85 mmole: 85%) for the 

10 glycine and 436 mg (0.76 mmole: 76%) for the fl-alanine derivatives For the synthesis of 
the giycyi-glycine derivative, the Fmoc group of 1.0 mmoJe Fmoc-glycine-deoxyuridine 
derivative was removed by one-hour treatment with 20% piperidine in DMF at room 
temperature. Solvents were removed by evaporation m vacuo, the residue was co- 
evaporated twice with toluene and condensed with 0.927 g (2.0 mmole) K-Fmoc-giycine 

1 5 pentafluorophenyl ester and purified as described above. Yield was 445 mg (0. 72 mmole; 
72%). The glycyl-, glycykglycyl- and J^alanyW'-deoxyuridtnc derivatives, N -protected 
with the Fmoc group were transformed to the 3*-0-acety1 derivatives by tritytation with 
4,4-dimethoxytrityl chloride in pyridine and acetylatioa with acetic anhydride in pyridine 
in a one-pot reaction and subsequently detritylated by one hour treatment with 80% 

20 aqueous acetic acid according to standard procedures. Solvents were removed, the 
residue* dissolved in 1 00 ml chloroform and extracted twice with 50 ml 10% sodium 
bicarbonate and once with 50 ml water, dried with sodium sulfate, the solvent evaporated 
and the residues purified by flash chromatography on silica gd. Yields were 36 1 mg 
(0.60 mmole; 71%) for the gtycyl-, 35 1 mg (0.57 mmole; 75%) for the fl-alanyl- and 323 

25 mg (049 mmole: 68%) for the glycyl^lyc^-3-O l -acetyl-2 , -deoxyuridine derivatives 
respectively. Phosphorylation at the 5 '-OH with POC^, transformation into the 5- 
triphosphate by in-star reaction with tetra(tri-n-butylammonium) pyrophosphate in DMK, 
I'-de-O-acctylation, deavage of the Fmoc group, and final purification by anion-exchange 
chromatography on DEAE-Septtadex was performed as described in EXAMPLE 14. 

30 Yields according to UV-absorbance of the uracil moiety were 0.41 mmole 5-(3-(N- 

glycyl)-amidopropyn^ 0.43 mmoJe 5-r3-(N-iS- 
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alaiiylVamidopropynyl-l^'^coxyuridine-S'^ri^ (75%) and 0.38 ramole 5-(3- 

(N-gfycyKglycyl)-aiiridopropyny^ I)-2'-deoxyitfidme-5'-triphnsphate (78%). 

These mass-modified nucleoside triphosphate* were incorporated during the 
Sanger DNA sequencing primer-extension reactions. 

When using S-^irinopropynyl-O-l^'-dtdeoxyuridine as starting materia] 
and following an analogous reaction sequence the corresponding glycy]-, glycyl-glycyl- 
and B-alanyW,? Jjdeoxyuridine-5'-triphosphates were obtained in yidds of 69, 63 and 
71% respectively. These mass-modified nucleoside triphosphates serve as chain- 
terminating nucleotides during the Sanger DNA sequencing reactions. The mass- 
modified sequencing ladders are analyzed by either ES or MALD1 mass spectrometry 

FXAMPLE U 

Synthesis of 8-gJycyl- and S-^ycyl-glycyl^'-dcoiyjidenwiiie-S'-triphoiphate 

727 mg (1.0 mmole) of N 6 K4-tert^utylphecK*ya^ 
dimethoxytrityf}-?- deoxyadenosine or 800 mg (1 ,0 mmolc) N -(4-tert- 
butylphenoxyacetyi>8-gly^ 

according t0 EXAMPLES 1 0 and 1 1 and literature (Ktfcter ei al., TPtmhctfrOTl 32, 362 
(1981)) were acetyiated with acetic anhydride in pyridine at the T-OH detriiylatcd at the 
S'-position with 80% acetic acid in a one-pot reaction and transformed into the 5'- 
triphosphates via phosphorylation with POCl 3 and reaction in-sito with tetra(tri-n- ^ 
butylammoniura) pyrophosphate as described in EXAMPLE 14. iteproiection of the N - 
tert-butytphenoxyacetyi, the 3'-0-acetyl and the O-methyl group at the glycine residues 
was achieved with concentrated aqueous ammonia for ninety minutes at room 
temperature. Ammonia was removed by lyophilization and the residue washed with 
dichloromethane, solvent removed by evaporation in vacuo and the remaining solid 
material purified by onion-exchange chromatography on DEAE-Sephadex using a linear 
gradient of triethylammonium bicarbonate from 0.1 to 1.0 M. The nucleoside 
triphosphate containing fractions (checked by TLC on polyethyleneimmc cellulose plates) 
were combined and lyophillized. Yield of the 8-glycyW'^eoxyadenos 
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(determined by UV-absorbance of the adenine moiety) was 57% (0.57 ramole). The yield 
for the S-glycyl-glycyl^deoxyadenosine-S'-triphosphate was 51% (0.51 tnmole). 

These mass-modified nucleoside triphosphates were incorporated during 
primer-extension in the Sanger DNA sequencing reactions. 

When using the corresponding N6 -{4- tert-butyiphenoxyacety l>8-gly cy] - or 
^^^-dimciboxytrityl^^ '-dideoxyadenosine derivaiiv<?s as starting 
materials prepared according to standard procedures (see, e.g., for the introduction of the 
* 2\3«.fimcticm: Seela etal^ Helvetica Hhimjca Arm 24, 1048-1058 (J991)) and using an 
analogous reaction sequence as described above, the chain-terminating mass-modified 
nucleoside triphosphates fUglycyl- and 8-glycyl-glycyl-2 , .3 r wlideoxyade^osin&-5 , - 
triphosphates were obtained in 53 and 47% yields respectively. The massrmod&ed 
sequencing fragment ladders are analyzed by either ES or MALDI mass spectrometry. 

EXAM£ LS 3 7 

Mas 5-mod lilcatio n of Sanger DNA sequencing fragment ladders by incorporation 
of chain-elongating 2 t -decuy- and chain-terminating 2 T ,3 , -dideoxyihynudine-5 f - 
(aiphfl-S-Hrrphosptiate and subsequent alkylation with 2-iodoethanoJ and 3- 
iodopropanol 

2 J'-Didco xythymidine- 5'-{ alpha- S)-tri phosphate was prepared according to 
published procedures (e.g., for the alpha-S-triphosphate moiety Fxkstein et ai , 
BfochCTlistyyll 1685 ( 1976) and Accounts Cheni » M . 12, 204 (1978) and for the 2'J 1 - 
dideoxvmoietv: Seel*g/g/._ Helvetica Chimim Acta, 74 1Q4B-MKR Sanger 
DNA sequencing reactions employing 2'-deox>^i^nidii}e-5Ha]pha-S)- triphosphate are 
performed according to standard protocols (e.g. Eckstein, Ann Rev. Bingham 54, 367 
(1985)). When usjrr 2\3'^ideQxythymidtne*5'-(alpha^SHriphosphates, this is used 
instead of the unmodified 2\3^uicoxYthymidine-5 -triphosphate in standard Sanger DNA 
sequencing (see e g Swewflow NudeSc Adds Rfi& 1 fi 1415-1419(1990)). The 
template (2 pmole) and the mideic acid Ml 3 sequencing primer (4 pmole) modified 
according to EXAMPLE 1 are annealed by heating to 6S°C b 100 ul of 10 mM Tris-HCl 
pH 7.5, 1 0 mM MgCJ 2 , 50 mM NaCl, 7 mM ditMothreitol (DTT) for 5 min and slowly 
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brought to 37°C during a one hour period. The sequencing reaction mixtures contain, as 
exemplified for the T-specific termination reaction, in a final volume of ISO ul, 200 uM 
(final concentration) each ofdATP. dCTP, dTTP. 300 uM c7-deaza-dGTP, 5 uM 2',3'- 
dldeoxythyiiiidine-SMalpha-Shrriphosphateand 40 units Sequenase (United States 
Biochemicals). Polymerization is performed for 10 min at 37 C. the reaction mixture 
heated to 70°C to inactivate the Sequenase, ethanol precipitated and coupled to thiolated 
Sequdon membrane disks (8 mm diameter) as described in EXAMPLE t Alkyiation is 
performed by treating the disks with 10 ul of 10 mM solution of either 2-iodoethanol or 
3-iodopropanol in NMM (>l.methylmorp}iouneAvater/2.propanol, 2/49/49, v/v/v) (three 
times), washing with 10 ul NMM (three times) and cleaving the alkylated T-terminatcd 
primer-extension products off the support by treatment with DTT as described in 
EXAMPLE I . Analysis of the mass-modified fragment families is performed with either 
ES orMALDI mass spectrometry. 

Analysis of a Mixture of Oligothymidylic Acids 

Oligothymtdylioacid, ofigo p(dT) l2 .ig, iscommercudly available (United 
States Biochemical. Cleveland, OH). Generally, a matrix solution of 0.5 M in ethanol 
was prepared. Various matrices were used for this Example and Examples 19-21 such 
as 3,5-dihvdroxybenzoic acid, rinapinic add, 3-hydroxypicolinic acid, 2,4.6- 
trihydroxyacetophenone. Oligonucleotides were lyophflized after purification by MPLC 
and taken up in ultrapure water (MimQ. Mfllipore) using amounts to obtain a 
concentration of 1 6 pmoles/ul as stock solution. An aliquot (1 ul) of this concentration 
or a dilution in ufcrapure water was mixed with 1 pi ofthe matrix solution on a fiat metal 
surface serving as the probe tip and dried with a fcn using cold air. In some experiments. 
cation-Ion exchange beads in the acid form were added to the mixture of matrix and 
sample solution 

MAUH-TOF spectra were obtained for this Example and Examples 1 9-2 1 
on different commercial instruments such as Virion 2000 (Fmnigan-MAT), VG TofSpec 
(Fisons instruments), LaserTec Research (Vestec). The conditions for this Example were 
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linear negative ion mode with an acceleration voltage of 25 k V. The MALDl-TOF 

spectrum generated is shown in FIGURE 14. Mass calibration was done externally and 

generally achieved by using defined peptides of appropriate mass range such as insulin, 

gramicidin S, tripsinogen, bovine serum albumen, and cytochrome C. All spectra were 

5 generated by employing a nitrogen laser with 5 nsec pulses al a wavelength oF337 nm. 

6 7 2 

Laser energy varied between 10 and 10 W/cm . To improve signal-to-noise ratio 
generally, the intensities oflO to 30 laser shots were accumulated. 
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Mass Spectrometry Analysis of a SO-mer and ft 99-mer 

Two Urge oligonucleotides were analyzed by mass spectrometry. The 50- 

5 mer 

d(TAACGGTCATTACGGCCATTGACTGTAOGACCTCiCAITACATOACTAGCT) 
(SEQ ID NO:3) and dT(pdT) 99 were used. The oligodeoxynucleotides were synthesized 
using P-cyanoethylphosphoamiditcs and purified using published procedures.(e.g. N D. 
Sinha. J. Biemat, I. McMamis and R Kdster, Nucleic Adds Bcs, 12, 4539(1984)) 

10 employing commercially available DNA synthesizers from cither Millipore (Bedford, MA) 
or Applied Biosysteras (Foster City, CA) and HPLC equipment and RPI8 reverse phase 
columns from Waters (Milford, MA) The samples for mass spectrometric analysis were 
prepared as described in Example 18. The conditions used for MALDNM5 analysis of 
each oligonucleotide were 5©0 finol of each oligonucleotide, reflection positive ion mode 

1 5 with an acceleration of 5 kV and postacceleration of 20 kV. The MALDI-TO' spectra 
generated were superimposed and are shown in FIGURE 15. 



EXAMPLES 



20 Simulation or tue DNA Sequencing Results of FIGURE 2 

The 13 DNA sequences representing the nested dT-terminated fragments 
of the Sanger DNA sequencing for the SO-mer described in Example 19 (SEQ ID N03) 
were synthesized as described in Example 19. The samples were treated and 500 finol of 
each fragment was analyzed by MALDI-MS as described in Example 18. The resulting 

25 MALDI-TOP spectra are shown in FIGURE 1 6. The conditions were reGcciron positive 
ion mode with an acceleration of 5 kV and postaccelerauon of 20 kV. Calculated 
molecular masses and experimental molecular masses are shown in Table I 

The MALDI-TOF spectra were superimposed (FIGURE 1?) to 
demonstrate that the individual peaks are resolvable even between the 10- mer and 1 1-tner 

30 (upper panel) and the 37-mer and 3*-mer (lower panel). The two panels show two 
different scales and the spectra analyzed at that scale 
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MALDT-MS Analysis of a Mass-Modified Oligonucleotide 
5 A. 17-mer was mass-modified at C-5 of one or two deoxyuridine moieties. 

5-llH2-Methoxyethoxy^^ 

P-cyanoethyl-K N-diisopn>pylphosphoamidite wax used to synthesize the modified 17- 
* mers using the methods described in Example JO. 
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The modified 17-mers were 

X 

I 

a: d (TAAAACGACGGCCAGUG) (molecular mass: 5454) 
(SEQIDN0:4) 



X X 

I I 
b: d (UAAA4.CGACGGCCAGUG) (molecular mass 5634) 

(SEQ ID NO:5) 



where X = -C-C-CCH^! j-OH 
(unmodified 17-men molecular mass: 5273) 

15 

The samples were prepared and 500 find of each modified 17-mer was 
analyzed using MALDl-MS as described in Example 18. The conditions used were 
reflectrrm positive ion mode with an acceleration of 5 kV and po«tacceleration of 20 1 
The K1ALDI-TOF spectra which were generated were superimposed and are shown u 
20 FIGURE 18. 
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Detection of Polymerase Chain Reaction Products Containing 7-Deazapurine 

25 

MATERIA] S "TCTHQns 
PCJl amplifications 

The following oUgcdeoxynucteotide primers were either synthesized 
according to standard phosphoamidhe chemistry (Smha, N.D.. « al.. (1983) Tewhedron 
30 Let. Vol. 24, Pp. 5843-5846; Sinha, N.D., * al. ( 1 984) Nuclac Acids Re&, Vol. 12, Pp. 
4539-4557) on a MuliGeo 7500 DNA synthesizer (Mfflipore. Bedford, MA USA) in 200 
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nmoJ scales or purchased from MWG-Biotech (Ebersberg, Germany, primer 3) and 
Bio me tr a (Guettingen, Gennany, primers 6-7). 



primer 1: 


5'- 


GTCACCCTCGACCTGCAG 


SEQ. ID. NO. 6); 


5 primer 2: 


5'- 


TTGTAAAACGACGGCCAGT 


(SEQ. ID. NO. 7); 


primer 3: 


5'- 


C T TCC ACCGC G ATGTTGA 


(SEQ. ID. NO, 8); 


primer 4: 


S'- 


CAGGAAACAGCTATGAC 


(SEQ. ID. NO. 9); 


primer 5 : 


5'- 


GTAAAACGACGGCCAGT 


(SEQ. ID. NO. 10); 


primer 6 


5 1 _ 


GTCACCCTCGACCTGCAgC 


(g; RiboG) (SEQ. ID. NO. 1 1 ); 


10 primer 7 


Fi 1 - 


G T TGTAAAAC G A3GGCC Acf T 


(g: RiboG) (SEQ. ID. NO. 12), 



The 99-mer and 200-mer DN A strands (modified and unmodified) as well 
as the ribo- and 7~deaza-inodified 100-mer were amplified from pRFcl DNA (10 ng, 
generously supplied S. Feyerahend, University of Hamburg) in 100 uL reaction volume 
containing 10 mmol/L KC1, 10 ramol/L (NH^SO^ 20 mmol/L Tris HC1 (pH = 8,S) f 2 

1 5 mmol/L MgS0 4 , (exo{-)PseudMXiccus Junosus (Pfu) -Buffer, Wiannacia, Freiburg, 

Germany), 0.2 mmol/L each dNTP (Pharmacia, Freiburg, Germany), I [imol/L of each 
primer and I unit of cxo(-)Pfu DNA polymerase (Stratagene, Heidelberg, Germany ) 

For the 99-mer primers 1 and 2, for the 200-mer primers ] and 3 and for 
the 100-mcr primers 6 and 7 were used. To obtain 7-deazapurine modified nucleic acids, 

20 during PCR-amplificaiion dATP and dGTP were replaced with 7-4©aza-d ATP and 7- 
deaTH-dGTP. The reaction was performed in a thermal cyder (Omni Gene, MWG- 
Biotech. Ebersberg, Germany) using the cycle: denaiuraiion at 95 °C for 1 min., annealing 
at 51°Cfor 1 min. and extension at 72 °C for 1 min. For aO PCRs the number of reaction 
cycles was 30. The reaction was allowed to extend for additional 1 □ min. at 72 "C after 

25 the last cycle. 

The 103-mer DNA strands (modified and unmodified) were amplified 
from Ml3mpl8 RFI DNA (100 ng, Pharmacia, Freiburg. Germany) in 100 uL reaction 
volume using primers 4 and 5 ail other concentrations were unchanged. The reaction was 
performed using the cycle: denaturatbn at 95 *C for 1 min., annealing at 40 °C for 1 tain. 
30 and extension at 72*C for I min. After 30 cycles for the unmodified and 40 cycles for 
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the modified 103-mer respectively, the samples were incubated for additional 10 min. at 
72 *C. 

Synthesis of S'-^-PJ-labeledPCR-primers 

5 Primers 1 and 4 were 5'-{ 32 -P]-labeied employing T4-polymwleotidkinase 

(Epicentre Technologies) and (y- 32 P)-ATP. (BLU/NGG/502A, Dupont, Germany) 
according to the protocols of the ntaaufccturcr. The reactions were performed 
substituting 10% of primer 1 and 4 in PCR with the labeled primers under otherwise 
unchanged reaction-conditions. The amplified DNAs were separated by gel 

10 electrophoresis on a 10% polyacrylamide gel. The appropriate bands were excised and 
counted on a Packard TRJ-CARB 460C liquid scintillation system (Packard. CT t USA). 

Primer-cleavage from ribff modified PCR-prodtict 
The amplified DNA was purified using Ultrafree-MC filter units (30,000 
15 NMWL), it was then redluolved in 100 pi of 0.2 mol/L NaOH and heated at 95 D C for 25 
minutes. The solution was then acidified with HCl (1 tnol/L) and former purified for 
MALDI-TOF analysis employing Ultrafree-MC filler units (10,000 NMWL) as described 
below. 



20 Purification of PCR products 

AD samples were purified and concentrated using Ultrafree-MC units 
30000 NMWL (Millipore. Eschborn, Germany) according to the manufacturer's 
description. After lyophilisation, PCR products were redissolved In 5 pL (3 pi . for the 
200-mer) of ultrapure water. This analyte solution was directly used for MALDI-TOF 

25 measurements. 

MALDI-TOF MS 

Aliquots of 0.5 pL of analyte solution and 0.5 pL of matrix solution (0.7 
mol/L 3-HPA and 0.07 mol/L ammonium citrate in acetortitrile'water (1:1. vAr)) were 
30 mixed on a flat metallic sample support. After drying at ambient temperature the sample 
was introduced into the mass spectrometer for analysis. Th MALDl-TOP nia»s 
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spectrometer used was a Fumigan MAT Vision 2000 (finnigan MAT. Bremen, 

Germany). Spectra were recorded in the positive ion reflector mode with a 5 keV ion 

source and 20 keV postacceleration. The instrument was equipped with a nitrogen laser 

-8 

(337 nm wavelength). The vacuum of the system was 3^*» 10 hPa in the analyzer 
5 region and 1 -4* ] (f ' hPa in the source region. Spectra of modified and unmodified FWA 
samples were obtained with the same relative laser power; external calibration was 
performed with a mixture of synthetic oligodeoxynudeo tides (7-to50-mer). 

RESULTS AND DISCUSSION 
10 Enzymatic synthesis of 7-deazapurine nucleotide containing nucleic 

acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS For the rapid, 
gel-free analysis of short PCR products and to investigate the effect of 7-deazapurine 
modification of nucleic acids under MALDI-TOF conditions, two different primer- 

1 S template systems were used to synthesize DNA fragments. Sequences are displayed in 
Figures 24 and 25. While the two single strands of the 103-mer PCR product had nearly 
equal masses (Am= 8 uX the two single strands of the 99-mer differed by 526 u. 

Considering the facts that 7-deaza purine nucleotide building blocks for 
chemical DNA synthesis are approximately 160 times more expensive than regular ones 

20 (Product Information, Glen Research Corporation, Staling, VA) and their application in 
standard ^cyano-phospboamidhe chemistry is not trivial (Product Information Glen 
Research Corporation, Sterling, VA; Schneider , K and B.T. Chait (1995) Nucleic Acids 
Res.23. 1570) the cost of 7-deaza purine modified primers would be very high. 
Therefore, to increase the applicability and scope of the method, aO PCRs were 

25 performed using unmodified oligonucleotide primers which arc routinely available. 

Substituting dATP and dGTP by c 7 -dATP and c'-dGTP in polymerase chain reaction led 
to products containing approximately 80% 7-deaza-purine modified nucleosides for the 
99-mer and 1 03-mer, and about 90% for the 200-mer, respectively. Table II shows the 
base composition of all PCR products. 



30 
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TABLE 11 

Base composition of the 99-mcr, lOJ-mer and 200-mcr PCR amplification products 
(unmodified and 7-deaza purine modified) 



De- 
fragment b : 



10 



15 



20 



25 



2O0-roexs 
* modified 

200-ncr S 

ttcdif ie<*- 

200-tfter a 
103-rter % 
rnodit led 

3 G3-mer « 
103-sisr a 
modified 

99-uier s 
modified 99- 

iter s 
99-™* a 
modified 99- 



C'-dea**- c -deaza- £«1 r 

A G noditicati 

on 1 



54 
54 

5* 
56 

28 

28 
28 

34 
34 

20 
20 



34 
34 

56 
56 

25 
25 

24 
24 

21 
21 

24 
24 



56 
6 



34 



24 

6 

23 
7 

24 
6 



3 



5 

54 
4 

2fc 

28 
4 

20 

fS 

34 
4 



50 



31 



ie 



13 



13 



51 



50 



23 



24 



li> 



3D 



SO* 



&2* 



79* 



7HS 



a 7* 



and "a' describe "sense 11 and <, etItisense ,, strands of the doubie-stranded PCR 
product. 

2 indicates relative modification as percentage of 7-deaza purine modified nucleotides of 
total amount of purine nucleotides. 



30 However, it remained to be determined whether 80-90% 7-deaza-purine 

modification would be sufficient for accurate mass spectrometer detection. It was 
therefore important to detennine whether all purine nucleotides could be substituted 
during the enzymatic amplification step. It was found that tKO(-)Pseudoajc^Juru>sus 
(Pfu) DN A polymerase indeed could accept c ? -dATP and c^-dGTP in the absence of 

35 unmodified purine triphosphates However, the incorporation was less efficient leading 
to a lower yield of PCR product (Figure 26). Ethidium-bromidc stains by intercalation 
with the stacked bases nf the DNA-doublestrand Therefore lower band intensities in the 
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etfaidium-bromide stained gel might be artifacts since the modified DNA^trands do not 
necessarily need to give the same band intensities as the unmodified ones 

To verify these results, the PCRs with [^PJ-labelcd primers were 
5 repealed. The autoradiograni (Figure 27) clearly shows lower yields for the modified 
PCR-products. The bands were excised from the gel and counted. For all PCR products 
the yield of the modified nucleic acids was about 50%, referring to the corresponding 
* unmodified amplification product. Further experiments showed that zxa{-)DeepVent and 
Vent DNA polymerase were able to incoip orate c 7 -dATP and c 7 -dGTP during PCR. as 

10 well. The overall performance, however, turned out to be best for the exo{-)/ya DNA 
polymerase giving least side products during amplification. Using all three polymerases, 
it was found that such PCRs employing g 7 -dATP and c'-dGTP instead of their isosteres 
showed less side-reactions giving & cleaner PCR-product. Decreased occurrence of 
amplification side products may be explained by a reduction of primer mismatches due to 

1 5 a lower stability of the complex formed from the primer and the 7-deaza-purine 

containing template which is synthesized during PGR. Decreased melting point fur DNA 
duplexes containing 7-deaza-purine have been described (Mizusawa, S. et at , (1986) 
Nucleic Adds Res.. 14, 13 19-1324). In addition to the three polymerases specified above 
(exo(-) Deep Vent DNA polymerase, Vent DNA polymerase and exo(-) {Pfitj DNA 

20 polymerase), tt is anticipated that other polymerases, such as the Large Klenow fragment 
of Ecoli DNA polymerase, Sequertase, Taq DNA polymerase, and U AmpETaq, 
AmpliTaq or AmpJiTaq TS DNA polymerase can be used. In addition, where RNA is the 
template, RNA polymerases, such as the SP6 or the T7 RNA polymerase, must be used 

2 5 MALDI-TOF arasr spectrometry of modified and unmodified PCR 

products. 

The 99-mer, 103-mer and 200-mer PCR products were analyzed by 
MALDI-TOF MS. Based on past experience, it was known that the degree of 
depurinaiion depends on the laser energy used for desorption and ionization of the 
30 analyte Since the influence of 7-deazapurine modification on fragmentation due to 
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depurination was to be investigated, all spectra were measured at the same relative laser 
energy. 

Figures 28a and 28b show the mass spectra of the modified and 
unmodified 103-mer nucleic acids. Incase of the modified 103-mer, fragmentation 
causes a broad <M+H) + signal. The maximum of the peak is unified to lower masses so 
that the assigned mass represents a mean value of (M+H) signal and signals of 
fragmented ions, rather than the (M+H) + signal itself. Although the modified 103-raer 
still contains about 20% A and O from the oligonucleotide primers, it shows less 
fragmentation which is featured by much more narrow and symmetric signals Especially 
peak tailing on the lower mass side due to depurination, is substantially reduced. Hence, 
the difference between measured and calculated mass is strongly reduced although it is 
still below the expected mass. For the unmodified sample a (M+H) signal of 3 1 670 was 
observed, which is a 97 u or 0.3% difference to the calculated mass. While, in case of the 
modified sample this mass difference diminished to 10 u or 0.03% (3 17 13 u found, 31723 
u calculated). These observations are verified by a significant increase in mass resolution 
of the (M+H) + signal of the two signal strands (m/Am = 67 as opposed to J 8 for the 
unmodified sample with Am full width at half maximum, fwhm). Because of the low 
mass difference between the two single strands (8 u) their individual signals were not 
resolved. 

With the results of the 99 base pair DN A fragments the effects of 
increased mass resolution far 7-deazapurine containing DN A becomes even more 
evident. The two single strands in the unmodified sample were not resolved even though 
the mass difference between the two strands of thePCR product was very high with 526 
u due to unequal distribution of purines and p>-rimidlnes (figure 29a). In contrast to this, 
the modified DNA showed distinct peaks for the two single strands (figure 29b) which 
makes the superiority of this approach for the determination of molecular weights to gel 
electrophorctic methods even more profound. Although base line resolution was not 
obtained the individual masses were abled to be assigned with an accuracy of 0. 1%: Am 
- 27 u for the lighter (calc. mass - 30224 u) and Am - 14 u for the heavier strand (calc. 
mass = 30750 u). Again, it was found that the foil width at half maximum was 
substantially decreased for the 7-deazapurrac containing sample. 
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In case of both the 99-mer and 1 03-mer ihe 7-deazapurine containing 
nucleic acids seem to give higher sensitivity despite the fact that they still contam about 
20% unmodified purine nucleotides. To get comparable signaMo-noise ratio at similar 
intensities for the (M+H) + signals, the unmodified 99-mer required 20 laser shots in 
5 contrast to 12 for the modified one and the 1 03-mer required 12 shots for the unmodified 
sample as opposed to three for the 7-deazapurine nucleoside-oontaioing PCR product 
Comparing the spectra of the modified and unmodified 200-mer 
* ampftcons, improved mass resolution was again found for the 7-deazapurine containing 
sample as well as increased signal intensities (figures 30a and 30b), While the signal of 

1 0 the single strands predominates in the spectrum of the modified sample the DM A-su plex 
and dimers of the single strands gave the strongest signal for the unmodified sample 

A complete 7-deaza purine modification of nucleic adds may be achieved 
either using modified primers in PCR or cleaving the unmodified primers from the 
partially modified PCR product Since disadvantages are associated with modified 

IS primers, as described above, a 100-mer was synthesized using primers with a ribo- 

modification. The primers were cleaved hydrolyticaUy with NaOH according to a method 
developed earlier in our laboratory (Koester, H. et al., 2. Physiol. Chem. 359: 1570- 
1589). Figures 31a and 31b display the spectra of the PCR product before and after 
primer cleavage. Figure 3 lb shows that the hydrolysis was successful: Both hydrohrzed 

20 PCR product as well as the two released primers could be detected together with a small 
signal from residual uncleaved 100-mer. This procedure is especially useful for the 
MALDI-TOF analysis of very short PC R-pro ducts since the share of unmodified purines 
originating from the primer increases with decreasing length of the amplified sequence. 

The remarkable properties of 7-dea2apurme modified nucleic adds can be 

25 explained by either more effective dcsorplien and/or ionization, increased ton stability 
and/or a lower denaturation energy of the double stranded purine modified nucleic acid. 
The exchange of the N-7 for a racthine group results in the toss of one acceptor for a 
hydrogen bond which influences the ability of the nucleic acid to form secondary 
structures due to non-Watson-Crick base puling (Secla, ¥. and A. Kehne (1987) 

3 0 Biochemistry, 26, 2232-2238. )> which should be a reason for better desorption during the 
MALDT process. In addition to this the aromatic system of 7-deazapurine has a lower 
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electron density that weakens Watson-Crick base pairing resulting in a decreased melting 
point (Mizusawa* S. ei al., (1986) Nucleic Acids Res.. 14, 13 19-1324) of the douWc- 
strand. This effect may decrease the energy needed for denaturation of the duplex in the 
MALD1 process. These aspects as well as the loss of a site which probably will carry a 
positive charge on the N-7 nitrogen renders the 7-deazapurine modified nucleic acid less 
polar and may promote the effectiveness of desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct 
correlation of reactions in solution and in the gas phase is problematic, less fragmentation 
due to depurination of the modified nucleic acids can be expected in the MALDl process. 
Depurination may either be accompanied by loss of charge which decreases the total yield 
of charged species or it may produce charged fragmentation products which decreases 
the intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of 
the (M+H)~ signals on the lower mass side due to decreased fragmentation of the 7- 
deazapurine containing samples indicate that the N-7 atom indeed is essential for the 
mechanism of depurination in the MALD1-TOF process. In conclusion, 7-deazapurine 
containing nucleic acids show distinctly increased ion-slab'diiy and sensitivity under 
MALDl -TOF conditions and therefore provide for higher mass accuracy and mass 
resolution. 

EXAMELE » 

Solid State Sequencing and Mass Spectrometer Detection 

■14 ATERTAT.R ANT) METHODS 

Oligonucleotides were purchased from Operon Technologies (Alameda, 
CA) in an unpuriiled form. Their sequences are listed in Table UI. Sequencing reactions 
were performed n a solid surface using reagents from the sequencing kit for Sequenase 
Version 2.0 (Amersham, Arlington Heights, Illinois). 



V/O 97/3704 1 PCT/U897/043W 

-67- 



Sequencing complex: 
5 ' -TCTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGrACA^ (A* J a - 3 1 
5 (DNA1 1683) (SEQ. ID. No. 13) 



3 ■ TCAACACTGCATGT-5 r (PNAI6/DNA) (SEQ. ID. No. 14} 

In order to perform solid-state DNA sequencing, template strand 
DNA1 1683 was 34>iottnylated by terminal deoxynucleotidyl transferase A 30 p) 

10 reaction, containing 60 pmol of DNA 1 1683, 1.3 nmol of biotin 14-dATP(GiBCOBRL t 
Grand island, NY), 30 units of terminal transferase (Amerxhfirn, Arlington Heights, 
Illinois), and lx reaction buffer (supplied with enzyme), was incubated al 37 °C for 1 
hour. The reaction was stopped by heat inactivation of the terminal transferase at 70° C 
for 10 min The resulting product was desalted by passing through a TE-1 0 spin column 

1 5 (Qonetech). More than one molecules of biotin- 14-dATP could be added to the 3'-end 
of DNA 1 1683. The biotinylaied DNA 1 1683 was incubated with 0.3 iag ofDynal 
atreptavidin beads in 30 pi Jx binding and washing buffer at ambient temperature for 30 
min. The beads were washed twice with TE and redissolved in 30 jil TB 7 1 0 id aliquot 
(containing 0,1 mg of beads) was used for sequencing reactions. 

20 The 0. 1 mg beads from previous step were resuspended in a 1 0|ii volume 

containing 2 pi of Sx Sequenase buffer (200 mM Tris-HCl, pH 7.5, lOOmM MgC12, and 
250 mM NaCJ) from the Sequenase kit and 5 pmol of corresponding primeT 
PNA 16/DNA. The annealing mixture was heated to 70 °C and allowed to cool slowly to 
room temperature over a 20-30 min time period. Then 1 p] 0 1 M dithiothrehol solution. 

25 1 pi Mn buffer (0.15 M sodium isocrtrate and 0.1 M McC 12), and 2 pi of diluted 

Sequenase (3.25 units) were added The reaction mixture was divided into four aliquot* 
of 3 pi each and mixed with termination mixes (each consists of 3 pi of die appropriate 
tennination mix: 32 pM c7dATP, 32 pM dCTP, 32 c7dGTP, 32 p\A dTTP and 3.2 
pM of one of the four ddTNPs, in SO mM NaCI). The reaction mixtures were incubated 

30 at 37°C for 2 min. After the completion of extension, the beads were precipitated and 
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the supernatant was removed. The beads -were washed twice and rewispended in TE and 
kept at 4 "C. 

5 Sequencing complex: 

5 • -AAGATCTGACCAGGGATTCGGTTAGCGTGACTGCTGCTGCTGCTGCTGCTGC 

TGGATGATCCGACGCATCAGATCTGG- (A b ) n -3 (SEQ. TO. NO. 15) (TNR.PLASM2) 

3 1 -CTACTAGGCTGCGTAGTC-5 1 (CHI) (SEQ. ID. NO. 16) 

The target TNRPLASM2 was biotinyUtted and sequenced using 

10 procedures similar to those described in previous section (sequencing a 39-mer target) 

Sequencing a O ilier iarf>ei wi/fc pnrtiallv duplex probe 

Sequencing complex: 
5 3' (SEQ. ID. No. 17) 

J « - S--GATGATCC3ACGCATCACAGCTC 

» . 3 ' (SEQ. ID. No. 18) 

15 -b-CTACTAGRCTGCGTAGTGTCGAGAACCTTGGCT 

CMIB3B was immobilized on Dynabeads N1280 with streptavidin (Dyoal, 
Norway) by incubating 60 pmol of CM1B3B with 0.3 magnetic beads in 30 ul IM NaCI 
and TE <lx binding and washing buffer) at room temperature for 30 min. The beads 

20 were washed twice with TE and redissolved in 30 ul TE. 10 or 20 ul aliquot (containing 
0. 1 or 02 mg of beads respectively) was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol ofDFl laSF (or 20 pmol of DF1 laSF for 0.2 mg of beads) to 
a 9 pi volume containing 2 pi of 5x Sequenase buffer (200 nu\l Tris-HCl, pH 7.5. 100 

25 mMMgCll, and 250 mMNaCl) from the Sequenase kh. The annealing mixture wa.$ 
heated to <55 C C and allowed to cool slowly to 37 c C over a 20-30 min time period. The 
duplex primer was then mixed wht 10 pmol of TSl o (20 pmol of TS10 for 0.2 mg of 
beads) in 1 pi volume, and the resulting mixture was further incubated at 37"C for 5 min, 
room temperature for 5-10 min. Then 1 ul 0. 1 M dhhiothreitol solution, 1 pi Mn buffer 

30 (0.15 M sodium isodtraie and 0.1 M MnCfe), and 2 pi of diluted Sequenase (3.25 units) 
were added. The reaction mixture was divided tot four aliquot of 3 pi each and mixed 
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with termination mixes (each consists of 4 nl of the appropriate termination mix: 16 jiM 
d ATP, J 6 jiM dCTP, 1 6 dGTP, 16 |iM dTTP and t .6 pM of one of the four 
ddNTPs, in 50 mM Nad). The reaction mixtures were incubated at roam temperature 
for 5 min, and 37 D C for 5 mm. After the completion of extension, the beads were 
5 precipitated and the supernatant was removed. The beads were resuspended in 20 TE 
and kept at 4 *C An aliquot of 2 ut (out of 20 pi) from each tube wa* taken and mixed 
with 8 til of formamide, the resulting samples were denatured at 90-95 B C for S nriti and 2 
* |il (out of 10 (il total) was applied to an ALF DNA sequencer (Pharmacia, Piscataway, 
NJ) using a 1 0% polyaciylamide gel containing 7 M urea and 0. 6x TBE. The remaining 
1 0 aliquot was used for MALD1-TOFMR analysis 

MALDL sample preparation and instru mentation 
Before MALDI analyst the sequencing ladder loaded magnetic beads 
were washed twice using 50 mM ammonium citrate and resuspended in 0.5 ul pure 
15 water. The suspension was then loaded onto the sample target of the mass spectrometer 
and 0.5 iiJ of saturated matrix solution (3-hydropicolittic acid (HPA) ammonium citrate 
= 10: 1 mole ratio in 50% acetonitrile) was added. The mixture was allowed to dry prior 
to mass Rpectoineter analysis 

The reflectron TOFMS mass spectrometer (Vision 2000, Finnigar. MAT, 
20 Bremen, Germany) was used for analysis. 5 k V was applied in the ion source and 20 kV 
was applied for postaccderation All spectra were taken in the positive ion mode and a 
nitrogen laser was used. Normally, each spectrum was averaged for more than 1 00 shots 
and a standard 25-point smoothing was applied 

25 RESULTS AND PISCUSSIQNS 

Conventional sulid-suite seauencinv 

In conventional sequencing methods, a primer is directly annealed to the 
template and then extended and terminated in a Sanger dideoxy sequencing. Normally, a 
tnotmylated primer is used and the sequencing ladders are captured by streptavidin- 
30 coated magnetic beads. After washing, the products are eUited from the beads using 

EDTA and formamide. However, our previous findings indicated that nly the annealed 
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strand of a duplex is dcsorbed and the immobilized strand remains on the beads (Tang, K. 
el al., (1995) Nucleic Acids Research 2J:3 126-31 31). Therefore, it is advantageous to 
immobilize the template and anneal the primer. After the sequencing reaction and 
washing, the beads with the immobilized template and annealed sequencing ladder can be 

5 loaded directly onto the mass spectrometer target and mix with matrix. In M ALD I, only 
the annealed sequencing ladder will be desorhed and ionised, and the immobilized 
template will remain on the target. 

A 39-mer template (SEQ. ID. No. 1 3) was first biotinylated at the 3' end 
by adding biotirt- U-d ATP with terminal transferase. More than one bioiin- ! 4-dATP 

10 molecule could be added by the enzyme However, since the template was immobilized 
and remained on the beads during MAI X>K tin: number of biot in- 1 4-dATP would not 
affect the mass spectra. A 14-mer primer (SEQ. ID. No. 14) was used for the solid-state 
sequencing. MAU>T-TOF mass spectra of the four sequencing ladders are shown in 
Figure 32, and the expected theoretical values are shown in Table HI. The sequencing 

15 reaction produced a relatively homogenous ladder, and the full-length sequence was 

determined easily. One peak around 5 1 50 appeared in all reactions are not identified. A 
possible explanation is that a small portion of the template formed some kind of 
secondary structure, such as a loop, which hindered sequenase extension. Mis- 
incorporation is of minor importance, since the intensity of these peaks were much lower 

20 than that of the sequencing ladders. Although 7^deaza purines were used in the 
sequencing reaction, which could stabilize the N-glyeosKfic bond and prevent 
depimnation, minor base losses were still observed since the primer was not substituted 
by 7-deazapurines. The full length ladder, with a ddA at the 3' end, appeared in the A 
reaction with an apparent mass of 8. However, a more intense peak of 122 

25 appeared in all four reactions and is likely due to an addition of an extra nucleotide by the 
Sequenase enzyme. 
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The same technique could be used Co sequence longer DNA fragments. A 
78-mer template containing a CTG repeat (SEQ. ID. No. 15) was J'-biotinylated by 
adding biotin-1 4-dATP with terminal transferase. An 18-mer primer (SEQ. ID. No. 16) 
was annealed right outside the CTG repeal so that the repeat could bo sequenced 
immediately after primer extension. The four reactions were washed and analyzed by 
MALDI-TOFMS as usual. An example of the G-reaction is shown in Figure 33 and the 
expected sequencing ladder is shown in Table IV with theoretical mass values for each 
ladder component. Alt sequencing peaks were well resolved except the last component 
(theoretical value 20S77.4) was indistinguishable from the background. Two neighboring 
sequencing peaks (a 62-mer and a 63-mer) were also separated indicating that such 
sequencing analysis could be applicable to longer templates. Again, an addition of an 
extra nucleotide by the Sequenase enzyme was observed in this spectrum. This addition 
is not template specific and appeared in all four reactions which makes it easy to be 
identified Compared to the primer peak, the sequencing peaks were at much lower 
intensity in the long template case. Further optimization of the sequencing reaction may 
be required. 
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TABLE XV ( Continued | 
ddAT 

5491.6 



6078 >U 



7009. e 



7941.2 



1. 
2. 
3. 
4. 

1 ♦ 
8. 
9, 
10. 
II- . 

12, 8872.8 

13. 

14* 

15. 9SD4.4 
Id. 

17. 

16. 10736. C 
15. 

20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
2 S>, 
30. 

32 » 

33! 13360.0 

34. 15673.2 

35. 

36. 

37. 

38. 16694.0 

39. 17207,2 
40. 

41. 
42. 
43. 
44. 
45, 
46. 
47. 
4B» 

49. 20248.2 
50. 

51. 23*93.6 

52. 

i>3. 

54. 

55. 



11667,6 



32599.2 



13835.0 



driCTP 

5491. € 
5764.6 



GG9S. 4 

7S2B.C 

8559.6 

9491.2 

10422.6 

11354*4 

122*6.0 

13521.6 
14124.2 
14742.6 



15962*4 
16251.6 



17800.6 
180B9.S 
1837S.O 



13935.0 



54 91.6 



6407.2 

7338.8 

8270,4 

9232.0 

1C133-6 

11065.2 

1196.6 

1292*. 4 

14453.4 



ddTTP 

VI91*G 



16*80. U 



19012*4 
19341.6 



20577.4 
214E4.C 



L3232.6 



15Q4C8 



:vm*4 

18*83.2 
19645. E 

21134.8 

21788.?. 
22C92.4 
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Skuptmcine u&intr duple* DSTA probes far captimnQ and nritnme 
Duplex DNA probes with single-stranded overhang have been demonstrated to 
be able to capture specific DNA templates and aba serve as primers for solid-state sequencing. 
The scheme is shown in Figure 34. Stacking interactions between a duplex probe and a single- 
5 stranded template allow only 5-base overhand to be sufficient for capturing. Based on this 
format, a 5 B fluorescent-labeled 23-mer (5'-GAT GAT CCG ACG CAT CAC AGC TC) (SEQ 
ID. No. 1 9) was annealed to a 3»-biotinylated 1 8-mer (5'-<3TG ATG CGT CGG ATC ATC) 
(SEQ ID. No. 20), leaving a 5-ba$e overhang A 15-mer template (5'-TCG GTT CCA AGA 
OCT) (SEQ ID. No. 21) was captured by the duplex and sequencing reactions were performed 
1 0 by extension of the 5-base overhang. MALDI-TOF mass spectra of the reactions are shown in 
Figure 35. All sequencing peaks were resolved although at relatively low intensities. The last 
peak in each reaction is due to unspecific addition of one nucleotide to the full length extension 
product by the Sequenase enzyme. For comparison, the same products were nra on a 
conventional DNA sequencer and a stacking fluorogram of the results is shown in Figure 36. 
IS As can be seen from the Figure, the mass spectra had the same pattern as the fluorogram with 
sequencing peaks at much lower intensity compared to the 23-mer primer. 

Improvements of MALDI-TOF mass spectrometry as a detection technique 
Sample distribution can be made more homogenous and signal intensity could 

20 potentially be increased by implementing the picoliter vial technique. In practice, the samples 
can be loaded on small pits with square openings of 100 urn size. The beads used in the solid- 
state sequencing is less than 10 urn in diameter, so they should fit well in the microliter vials 
Microcrystals of matrix and DNA containing B sweet spot9 n will be confined in the vial Since 
the laser spot size is about 100 pm in diameter, H will cover the entire opening of the vial 

25 Therefore, searching for sweet spots will be unnecessary and high repetition-rate laser (e.g. 
>10Hz) can be used for acquiring spectra. An earlier report has shown that this device is 
capable of increasing the detection sensitivity of peptides and proteins by several orders of 
magnitude compared to conventional MALD1 sample preparation technique. 

Resolution of MALDI on DNA needs to be further improved in order to extend the 

30 sequencing range beyond 100 bases. Currently, using 3 -HP A/ammonium citrate as matrix and a 
reflection TOF mass spectrometer with 5k V son source and 20 kV postaccderation. the 
resolution of the run-through peak in figure 33 (73-mer) is greater than 200 (FWHM) which is 
enough for sequence determination in this case. This resolution is also the highest reported for 
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MALD1 desorbed DNA ions above the 70-rner range. Useofth delayed xtraction technique ' 
may further enhance resolution. 

All of the above-cited references and publications are hereby incorporated by 

reference. 

fifflllVALENTS 

Those skilled in the an will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific procedures described herein. 
Such equivalents are considered to be within the scope of this invention and are covered by the 
following claims. 
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SLQUENCK LISTING 

(1) GENERAL INFORMATION: 
5 U) APPLICANT: Xoater, Hubert 

liij TITLE OF INVENTION i DNA SEQUENCING BY MASS SFEITROMETRY 
(iii) N*J?4B5R OF SEQUENCES? 21 

10 

<ivj CORRESPONDENCE ADDRESS * 

ih) ADDRESSEE I Patent Gtoup 

roley, Hoag i Eliot LLP 
<B) STREET: One Post Office Square 
15 \C) CITY: Bafitan 

<D) STATE i MA 
<E) COUNTRY: USA 
(F) ZIP; 02109-2170 

20 <v) COMPUTER READABLE FORM: 

(A> MEDIUM TYPE: Floppy disk 
ISi COMPUTER: IBM ?C Compjtiblc 
IZ) OPERATING SYSTEM: PC-D05/M3-D05 
{ D) SOFTWARE 5 ASCII I Text > 



25 



30 



<vi> CURRENT APPL1CAWCW DATA; 
\A) APPLICATION NUMBER: 
(B) FILIMC HAT El 18-MAR-1997 
tC> CIAS 5_ Fl C ATI OK : 

ivli) PRIOR APPLICATION DATA? 

(A) APPLICATION NUMBER i 03/017, 013 
(Bl FILING DATE: IB -MAR- 19$ 6 



35 <viii> PRIOR APPLICATION DATA: 

*!A> APPLICATION NUMBERS OB/178,215 
■B> FILING DATE: 06-JAN-1994 
(C! CLASSIFICATION: 

40 iix) ATTORNEY / AG ENT INFORMATION t 
I A) NAME: Arnold, Beth f>. 
<H; REGISTRATION NUMRRR: .V>,430 
sC) REFERENCE/ DOCKET NUMBER i SQA-3,25.27 
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(XI TELECOMMUNICATION IHPORKATION: 
ifi.) TELEPHONE* (€17) 032-1294 
<B> TELEFAX: 1617) 832-70C0 

5 

<2) I N FORMA? I ON FOR £&g ID NO: l! 

{ij SEQUSNC3 CHARACTERISTICS : 
\K\ LENGTH? 14 base pairs 
10 iB> TYPE: nucleic acid 

(CJ STRANDEDNES3: single 
{D) TOPOIjOGY: linear 

(ii) MOLKfULE TYPE: other nucleic acid 

15 

(iii> HYPOTHETICAL j YES 
(Xi) SEQUENCE DESCRIPTION; StQ ID HOlli 

20 

CATGCCATGy CATC- 

{2: IKFORMATrOK FOR SCO ID NOi2: 

25 <i> SEQUENCE CHARACTERISTICS S 

<AI LENGTH: 21 base pairs 
IB; TYPE: nucleic acid 
CO STRAHDEDNE5S : single 
(D) TO PC LOGY : linear 

30 

<iil MOLECULE TYPE: other nucleic acid 
Uii) HYPOTHETICAL: YE 5 

35 

ixz.) 5L"00EHCE DESCRIPTION* 3EQ ID HO: 2 
AAATTGTCCA CATCC7GCAC C 

40 

(2) INFORMATION' TOR SEO ID NO; 3 j 



<i> ssgc:EKC?: characteristics; 



WO 97/37041 



KnrtJS9?/04J94 



^61 - 

(A) LSKGTH : 50 base pairs 
{B) TYPE: nucleic actd 
fC) STRANPEDNESS: single 
<DJ TOPOLOC-Y: linear 

5 

MOLECULE TYPE: other nucleic acid 
liii) HYPOTHETICAL: YSS 

10 

(xi> SEQUENCE DESCRIPTION: StQ ID NO: 3: 
TAA^GTCAT TACGGCCATT GACTCTAGGA CC7CCATTAC ATGACTAGCT $0 

15 

<2) IHFORMATION FOR SEO TI> NO: 4: 

III SEQUENCE CHARACTERISTICS: 
20 <A) LENGTH: 17 base pairs 

(B> TYPE: nucleic acid 
(C| ST HANDEDNESS : single 
(Di TOPCLOUY: linear 

25 Ui> MOLECULE TYPE: other nucleic acid 

Uiil HYPOTHETICAL; YES 



30 

1x4) SEQUENCE DESCRIPTION: KEG ID NO: 4 ; 
TAAAACGACG GGCCACXG 

35 

1.21 INFORMATION FOR SEQ ID NO: 5 

<ij SEQUENCE CHARACTERISTICS i 
(A) LENGTHi 17 base pairs 
40 (B) TYfrfc: aucielc acid 

(CI STRANDEDNE3S: a^ngle 
:D\ TOPOLOGY: linear 
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(11) MOLECULE TYPE: other nucleic acid 
(ill) HYPOTHETICAL; YES 



ixil SEQUENT PESCRIPriON: SEQ ID NO; 5: 
XAAAACGACG GGCCA3XU 

10 

(2) INFORMATION FOR SEC ID NO: 6: 

(j> SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: iU base pairs 

(B) TfPEi nucleic acid 

(C) STRANDEDNESS : dingle 
<D> toPOJjOGYs lineal 

20 (ii: KOLECUI.K TYPE: cDNA 



Ixil SSQUEKL'E PESCRIETION: SEQ ID NOs*J 

25 

GTCACCXTCS ACCTGCAG 

(2) INFORMATION FOR SEQ ID NO: 7: 

30 !i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 19 base ?ai*a 
(Bl TYPE: nucleic aciri 
\C\ STKANDFDNE55: single 
fD> TOPOLOGY', linear 

35 

Uil MOLECULti ?Y?Ej CDNA 



40 Ui! SEQUENCE DESCRIPTION x S6Q IP NOi7: 

-.0 

TTCtAAAACG ACGGCCAGT 
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(2: INFOFMATION FOR 5BQ 10 NO: 6: 



U> SEQUENCE CHARAC T£RI STZCB: 
(A) LENGTH i IB base pairs 
5 (B) TYPEs nucleic acid 

<C) STRANDEDNESS : single 

<o> TOPOLOGY: linear 



(ii: MOLECULE TYPK: cDHA 

10 



<xi] SEQUENCE DESCRIPTION j SEC ID N0i8: 



15 CTTCCACCGC GAT3TTGA 



(?) INFORMATION FOR SEC ID NO: 9: 



(L) SEQUENCE CtfAFACTERISTI CS : 
20 lAj LENGTH: 17 base pairs 

< B 1 TYPE: nucleic acid 
iCj STRANDEEHESSs single 
{Di TOPOLOGY* linear 

25 fii) MOLECULE TYPE: CDHA 



30 



(xxl S2QUWCE DESCRIPTION; SEO ZD NO:?: 
CAGtiAAAGAG CTAT3AC 



(2) INFORMATION TOR SSQ ID NOslO: 



35 (i: SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 11 fcnac pair* 

(B) TYPE: nucleic acid 

(C) STRAND SDN ESS ; single 

(D) TOPOLOGY: l_neax 

40 

(ii> MOLECULE TYPE: cDKA 
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iXi) SSQUENCt: DESCRIPTION? SEQ ID N0:1U: 

STAAAACGAC GGCCAGT 

5 INFORMATION *OR 5KQ ID NO: lis 

(i) SEQUENCE CHARACTERISTICS: 
;A) LENGTH: i9 base pairs 
[Bi TYEE? nucl«ic aci4 
10 (-1 STRANDEDHESS : single 

(Dt TOPOLOGY: linear 



iii) MOISCUT-F. TYPE? CDNA 



15 

<lx) FEATURE : 

\A) NAME/ KEY: mis^_Eeatux<r 
fB) LOCATION: 1..1* 

(03 OTHER INFORMATION: /note= "All lowercase letters 
20 r«F reS - nt Si boG " 



(XI ^ SEQUENCE DESCRIPTION: SEQ ID MO: lis 

19 

25 GTCACCCTrG ACCTCCAgC 



12) IN FORMAT -Of; FOR SZQ ID NC:12: 

(1) SEQUENCE CHARACTERISTICS: 
30 (Al LENGTH : 20 base pairt 

(B) TYPE: nucleic acic 
it) STRAMDBDKESS : single 
(IT. TOPOLOGY: linear 

35 {iii MOLECULE TYPE: cDNA 



lix) FfiATVREs 

(Al NAME/KEY: wis c_f mature 
40 { B) LOCATION r K ,20 

ID) OTHER TNTORMATIOK: /note- "AU lowercase letters 
represent RiboG" 
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[Xl) SEQUENCE. DESCRIPTION: SEQ ID NO: 12: 
GTtGTAWVAC GAGnrrCCAgT 50 
5 f 2 I INFORMATION" FOR SEQ ID NO: 13: 

<i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 fcase pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDSBNES5 5 single 

(D) TOPOLOGY; linear 

MOLECUJjE TYPE: cDNA 

15 

fxi> SEQUENCE DESCRIPTION: S5Q 10 WO: 13: 

TCTGGCCTfcSG TGCA3GGCCT ATTliTAGTTG TGACGTACA 

20 (2) I N FORMATION FDR SSQ 10 HO: 14: 

(11 3EQU6NC3 CHARACTERISTICS: 
JA) LENGTH: 14 na»e pairs 
1&] TYPE: nucleic acid 
25 id STSANDEDNESS: single 

<D) TOPOLOGY! linear 

(iij MOLECULS TYTF.: cDWA 

30 

(Kil 3EQU3NC2 DESCRIPTION: SEQ 10 NO: 14: 
TCAACACTSC ATGT H 
35 {2) IHPOI04ATION FOR SEQ 2D NO: 15: 

(i; SEQUENCE, CHARACTERISTICS i 

(A) :.3KGTKi 78 base pair 6 

(B) TYPE: nuclei 0 acid 
40 (C) 5TRANDEDNE33: single 

(U} TOPOLOGY: linear 



(ill MOLECUME TYPE: ?DNA 
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(xi) SEQUENCE DESCRIPTION: SliQ li) NOt 15: 
5 AAGATCTGAC CA3GGATTCG CTTAGCGTGA CTGC7GCTSC TGCTGCTGC'J GCTGSATOiAT 

CCGACGCATC AGATCTCK ' JH 
(2) INFORMATION FCR SEQ IV NO: 1.6: 

10 

* UJ SEQUENCE CHARACTERISTICS: 

(A) L-ttGTfl: 16 base pairs 

(B) ?Y?E: nucleic acid 

(C) STRANDEDNESS; 3ingie 
15 IC) TOPOLOGY: ixnisar 

(ii) MO L ECU LIS TYPE: cDKA 



20 

*xi> SEQUENCE DESCRIPTION; SEQ ID NOil6; 

CTACTAGGCT GCGTAGTC 

25 121 INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CKARACTEHJ S7TCS ; 
<A> LEK5TK: ?3 base pairs 
(B) TYPE: nucleic acid 
30 (C) 5TRANDEDNESS: eilitfle 

(D) TOPOLOGY t linear 

(ii) MOLECULE TYPE: cOTA 



35 

ixi) yEQHENCF DESCRIPTION: SEQ 10 NO: 17 ! 
GATSATCCCA CGCATCACA.G CTC 
40 (2) INFORMATION FOR SEQ TP KX3:i8: 

;i1 SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 33 base pain 



18 



25 
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(S< TVPE: nucleic aciQ 
(C> SCfcANDEDNESS: single 
CD) TOPOLOGY; lin*«x 

5 (ii) KQLECtfLE T?PE; cDNA 



fxi) SEQUENCE DESCRIPTION: SEQ ID MO: 18: 

10 CTACTAG3C7 GC3TAGTGTC GAGAACCTTG GCT 

(2) INFORMATION FOR S£Q 10 NOilS: 

(i> SEQUENCE CHAFACTE^ISTI ; 
15 !A) LENGTH: TS base pairs 

■ B) TYPE: nucleic acid 
iC) STRANDEENES3: single 
•ID) TOPOLOGY: linear 

20 Ui> MOJ.ECU1.S TYPE: cDNA 



ixi) SEOUSNCE DESCRIPTION: $£3 ID NO: 19: 

25 

GATGATCCGA CGCATCACA^ CTC 

information for seq id noj20i 

30 (ii SSCUEKCE CHARACTERISTICS; 

<A) LENGTH J J* bas<* pairs 
<B> TYPE: nucleic acid 
<C) STRftWDEDNESS 3 single 
<D5 TOPOLOGY j linear 

35 

{ii} MDLECJLE TYPE: cLNA 



(Xi: SEQUEMCE DESCRIPTION: SEO ID 2*0: 2C: 

40 

GTGATGCGTC GGATCATC 

:2j I N FORKATT OK FOR SEC ID «0:21: 
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[i1 SEQU3KCE CHARACTERISTICS: 
(AJ LENGTH: 15 b^&e pairs 
(5; TYPE: nucleic acid 
(CJ STRAW D SDN SS S : single 
5 iV) TOPOLCGY: linear 

MOLfiJUJ^F TYPE! cDXA 



fxj.1 SEQUENCE DESCRIPTION: 5EQ JD NO 5 21 i 



TCGGTTCCAA GAGCT 
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CLAIMS 

1 . A method for determining the sequence of a nucleic acid, comprising the 
steps of: 

a) generating at least two base-specifically terminated nucleic acid 
fragments containing modified purine nucleotides that are relatively 
resistant to fragmentation during mass spectrometry; 

b) determining the molecular weight value of each base-specifically 
terminated fragment by mass spectrometry, wherein the molecular weight 
values of at least two base-specifically terminated fragments are 
determined concurrently; and 

c) determining the sequence of the nucleic acid by aligning the base-specifically 
terminated nucleic acid fragments according to molecular weight. 

2. The method according to claim I wherein the nucleic acid fragments are 
purified before the step of determining ihe molecular weight values by mass 
spectrometry. 

3 . The method according to claim 2 wherein the nucleic odd fragments are 
purified, comprising the steps of 

a) reversibly immobilizing the nucleic acid fragments on a solid 
support; and 

b) washing out all remaining reactaitfs and by-products. 

4. The method according to dairn 3, further comprising the step of removing the 
nucleic acid fragments from ihe solid support. 
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5. The method of claim 1 1 wherein the fragments contain deazapurine moieties. 

6. The method of claim 1 , wherein the deaaa purine moieties are selected from 
5 the group consisting of: C 7 -deazaadentnc, C'-deazaguanine, 7-deazainosine 

triphosphate, C 9 -deazaadenine. C'-deazaguanine and C-dcazainosine 
triphosphate. 

7. The method of claim 1, wherein at least about 50% of the purine nucleotides 
10 are modified within the nucleotide fragment. 

8. A process of claim I wherein the mass spectrometer is selected from the 
group consisting of. Matrix-Assisted Laser Desorption/lonization Time-of-Flight 
(MALDI-TOF), Electrospray (ES). Ion Cyclotron Resonance (ICR).and Fourier 

\ 5 Transform and combinations thereof. 

9. The method according to claim 1 , wherein more than one species of nucleic 
acid are concurrently sequenced by multiplex mass spectrometric nucleic acid 
sequencing employing nucleic acid primers, chain-elongating nucleotides, and 

20 chain-temrinating nucleotides, wherein one of the sets of base-specifically 

terminated fragments is unmodified and the other sets of base-specifically 
terminated nucleic acid fragments are mass modified, and each of ihe sets of 
base-specifically terminated nucleic add fragments has a sufficient mass 
difference to he distinguished from the others by mass spectrometry 



25 



10. The method according to claim 9. wherein at least one of the sets of maw- 
modified ease-specifically terminated fragments is modified with a mass- 
difying functionality at a hcterocycBc base of at least one nucleotide. 



moi 



30 1 1 . The method according to claim 10, wherein the heterocyclic base-modified 

nucleotide Is selected from the group consisting of a cytosine aucleotid 
modified at C-S. a thymine nucleotide modified at C5, a thymine nucleotide 
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modified at the C-5 methyl group, a uracil nucleotide modified at C-5, an adenine' 
nucleotide modified at C-8, an adenine nucleotide modified at C-7, a c ? - 
deazaadenine modified at a c 7 -deazaadenine modified al C~7 % a guanine 
nucleotide modified at C-8, a guanine nucleotide modified at C-7, a c 7 - 
deazaguanine modified at C-8, a c 7 -deazaguanine modified at C-7, a 
hypoxanthine modified at C-8, a c'-deazahypoxanthine modified at C-7, and a c 7 - 
deazahypoxanthine modified at C-8. 

12. The method according to claim 9, wherein at least one of the sets of ma&v 
modified base-specifically terminated nucleic add fragments is modified with a 
mass-modifying functionality attached to one or more phosphate moieties of the 
intenwdeotidic linkages of the fragments 

1 3. The method according to claim 9, wherein at least one of the sets of mass- 
modified base-speritically terminated nucleic acid fragments is modified with a 
mass-modifying functionality attached to one or more sugar moieties of 
nucleotides within the set of mass modified base-specifically terminated 
fragments at at least one sugar position selected from the group consisting of z 
C-2 1 position, an external C- 3' position, and an external C~5' position. 

14. The method according to claim 9. wherein at least one of the sets of mass- 
modified base-specifically terminated nucleic acid fragments is modified with a 
masjujtiodifymg functionality (M) attached to the sugar moiety of a f '-terminal 
nucleotide and wherein the rnass-mcdifying function (M) is the linking 
functionality (L). 

15. The method according to daim 9, wherein a mass-modifying funciiunaJily 
(M) is attached to a set of base-specifically terminated nucleic add fragments 
subsequent to generating the base-specifically terminated nucleic acid fragments 
and prior to determining the molecular weight values for the nested fragments by 
mass spectrometry. 
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16. The method according to claim 1 5, wherein the base-specifically terminated 
nucleic acid fragments are generated using ai least one reagent selected from the 
group consisting of a nucleic acid primer, a chain-elongating nucleotide, a chain- 
terminating nucleotide and a tag probe which has been modified with a precursor 
of the mass-modifying functionality, M; and a subsequent step comprises 
modifying the precursor of the mass-modifying functionality to generate the 
mass-modifying functionality, M, prior to mass spectrometry analysis. 

1 7 The method according to claim 9, wherein mass diiferentiation nr die tag 
probes is achieved by changing the nucleotide composition of at least one of the 
tag probes and complementary tag sequence in the species of nucleic acid. 

IS. The method according to claim 9, wherein the tag probes are covalently 
bound to the corresponding complementary tag sequence prior to mas* 
spectrometric analysis. 

19. The method according to claim 1 8, wherein binding between the tag 
probes and the corresponding complementary tag sequences is achieved 
photochemically via photoactivatable groups. 

20 A method of sequencing a nucleic acid, comprising the steps of: 

a) revereibly finking an oligonucleotide primer to a solid support: 

b) generating at least two base-specifically terminated nucleic acid 
fragments containing nucleotides that are relatively resistant to 
fragmentation during mass spectrometry; 

c) determining the molecular weight value of each nested fragment 

in each of the four sets of base-spccifically terminated fragments of the nucleic 
acid by matrix assisted laser desorption/ionization mass speciromeiiy 
wherein the molecular weight values of at least two base-speciiicaily terminated 
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fragments are determined concurrently and wherein the nested fragments are 
cleaved from the solid support by a laser during mass spectrometry ; and 

d) determining the nucleotide sequence by aligning the base 
specifically terminated fragments according to molecular weight. 

21 . The method according to claim 20 wherein the nucleic acid fragments are 
purified before the step of determining the molecular weight values by mass 
spectrometry. 

22 The method according to claim 2 1 wherein the nucleic acid fragments are 
purified, comprising the steps of: 

a) reverstbly immobilizing the nucleic acid fragments on a solid 
support; and 

b) washing out all remaining reactants and by-products. 

23. The method according to claim 22. further comprising the step of 
removing the nucleic acid fragments from the solid support. 

24. The method of claim 20, wherein the fragments contain deazapurine 
moieties. 

25. The method of claim 20, wherein the deaza purine moieties are selected 

7 . 7 

from the group consisting of: C -deazaadeniae, C -deazaguaninc, 7- 

9 9 9 

dearainosine triphosphate, C -deazaadenine, C -deazaguaninc and C - 

deazainosine triphosphate. 

26. Hie method of claim 20, wherein at least about 50% of the purine 
micle tides are modified within the nucleotide fragment. 
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27. A process of claim 20 wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/lomiation Time-of-Flight 
(MALDI-TOF), Electrospray (ES), Ion Cyclotron Resonance (ICR), and Fourier 
Transform and combinations thereof. 

28. The method according to claim 20. wherein more than one species of nucleic 
acid are concurrently sequenced by multiplex mass speeirometric nucleic acid 
sequencing employing nucleic acid primers, chain-elongating nucleotides, and 
chain-termiaaiing nucleotides, wherein one of the sets of base-specifically 
terminated fragments is unmodified and the other sets of base-specifically 
terminated nucleic acid fragments are mass modified, and each of the sets of 
base-specifically terminated nucleic add fragments has a sufficient mass 
difference to be distinguished from the others by mass 

spectrometry. 

29 The method according to claim 28, wherein at least one or the sets of mass- 
modified base-specifically teiminated fragments is modified with a mass- 
modifying functionality (M) at a heterocycEc base of at least one nucleotide. 

30. The method according to claim 29, wherein the heterocyclic hase-modified 
nucleotide is selected from the group consisting of a cytosme nucleotide 
modified at C-5, a thymine nucleotide modified at C-5, a thymine nucleotide 
modified at the C-5 methyl group, a uracil nucleotide modified at C-S, an adenine 
nucleotide modified at C-8, an adenine nucleotide modified at C-7, a c - 
deawiadenijie modified at C-8, a J-ceazaadenme modified at C-7, a guanine 
nucleotide modified at C-K, a guanine nucleotide modified at C-7. a c - 
deazaguanine modified at C-8, a c 7 -deazaguanine modified at C-7, a 
hypoxarrthine modified at C-8. a c 7 -d«iwhypoxanthine modified at C-7. and a 

c -dcazahypoxantiiine modified at C-8. 

31. The method according to claim 28, wherein at least one of the sets of mass- 
modified base-spcciDcaily terrninated nud ic acid fragment.. i» modified with a 
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mass-modifying functionality (M) attached to one or more phosphate moieties of 
the imwnuclcotidic linkages of the fragments. 

32. The method according to claim 28, wherein at least one of the sets of mass- 
modified base-specificatly terminated nucleic acid fragments is modified with a 
mass-modifying functionality (M) attached to one or more sugar moieties of 
nucleotides within the set of mass modified base^ specifically terminated 
fragments at ai least one sugar position selected from the group consisting of a 
C-? position, an external O 3' position, and an external C-5 1 position. 



33 The method according to claim 28, wherein at least one of the sets of mass- 
modified base-specifically terminated nucleic acid fragments is modified with a 
mass-modifying functionality (M) attached to the sugar moiety of a 5-termiaal 
nucleotide and wherein the mass-modifying function (M) is the linking 
IS functionality (L). 

34. The method according to claim 28, wherein a mass-modifying fu actional it v 
(M) is attached to a set of base»*pecifically terminated nucleic acid fragment* 
subsequent to generating the base-specifically terminated nucleic add fragments 

20 and prior to determining the molccuiar weight values for the nested fragments by 

mass spectrometry. 

35. The method according to claim 34, wherein the base-specifically 
terminated nucleic add fragments are generated using at least one reagent 

25 selected from the group consisting of a nucleic acid primer, a chain-elongating 

nucleotide, a chain-terminating nucleotide and a tag probe which has been 
modified with a precursor of the mass-modifying functionality, M; and a 
subsequent step comprises modifying the precursor of the mass-modifying 
functionality, M, to generate the mass-modifying functionality, Kl prior to mass 

30 spectrometry analysis. 
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36. The method ecc rding to claim 28, wherein mass differentiation of the tag 
probes is achieved by changing the nucleotide composition of at least one of th? 
tag probes and complementary tag sequence in the species of nucleic acid. 

37. The method according to claim 28, wherein the tag probes are covalcntly 
bound to the corresponding complementary tag sequence prior to mass 
specrro metric analysis. 

3S The method according to claim 37. wherein binding between the tag probes 
and the corresponding complementary tag sequences ix achieved 
photocheraically via photoactivatable groups. 

39. A method of multiplex analysis of nucleic acid sequences, comprising the 
steps of: 

a) reversibly linking a nucleic acid primer to a solid support, 

b) generating at least two conditioned, base-specifically terminated nucleic acid 
fragments containing modified purine nucleotides that are relatively resistant to 
fragmentation during masa spectrometry; 

c) determining the molecular weight value of each fragment by matrix assisted 
iaser desorptionfionization mass spectrometry wherein the molecular weight 
values of at least two base-specifically terminated fragments are determined 
concurrently and wherein the fragments are cleaved from the solid support by a 
laser during mass spectrometry, and 

d) detemuning the nucleotide sequence by aligning the fragments according to 
molecular weight; wherein at least one reagent selected from a group consisting 
of a nucleic add primer, a chain-elongating nucleotide, and a chain-tenninating 
nucleotide which has been mass-modified; wherein each set of base-specifically 
terminated fragments has a sufficient mass difference from the other sets of base- 
specifically terminated fragments so as to be unique; and wherein the molecular 
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weight values of the nested fragments of two or more seu of unseparated base- 
spccifically terminated fragments are determined concurrently. 

40. The method according to claim 30, wherein the reversible linkage is 
5 aphotocleavablc bond. 

41. The method according to claim 39 wherein the base-specifically terminated 
fragments are cleaved from the solid support prior to mass spectrometry. 



1/43 



PCT/USJ7/D43M 




M 13 
DStl VOTIVE 






L WITH T t-TE ZH J JMTJ 0« 




2)c0ufUNfr T0 SOP?0lT 



l) WAX H /vuetfi • 

i)CLEAV4f£ OF t -t' t,CND 



L T ~ T 



fits rpEcrii;>Mt-rp. v 



HGUR2 I 



WO 97/37041 PCTWS97fll4M4 

2/43 



FIGURE / 

Figure 2Ac Ganger dha Sequencing Reaction Products with 
gdT Terxination of Hypothetical (SO-mer). 

5 ■ - d3?AACGGTC MTTACGGCC7iTTGACTGTAGG7kC CT GCATTAC ATGA C T AGC T 

S'-dT 226,23 

S^dTAACOOr 2104.45 

5 a -dTAACQGTCAT 3011.04 

5»~dTAACCGTCATT 331S*24 

5 1 — fl T AACGG TCATTACG 6 CGAT S771 

5 ■ -dTAACGGTCATWXGGCCATT 6 0? G * 0 2 

5 ■ -dTAACGGTCATTACGGCCATTGACT 73 n „ ^ 

5 • «dTAACGGTCATT7*CGGCCATTGACTGT 7945,22 

S « -dCAACGGTCATTACGGCCATTGACTGTAGGACCT 101 12 . 63 

5 1 - d T AACGGTCATTACG G C CATTG ACT3TAG CA CCTG CAT 11346.43 

5 ' -d TAACG GTCATTAC GGC CATTG ACT STAG G ACCTG CATT 11652,62 

5 1 - dTAA C G GT CATT AC GGC C ATTG ACTGTAG G A G OTG CATTAC AT 12872 ,43 

5 ■ ~dTAACC GTC ATTACG GC CATTG AC T STAG GA CCTG CATT ACAT G ACT 14103,22 

S 1 —dTAAC G GTC ATT ACCCC CATT G AC! GTAG GACCTG CATTACA? GACTAGCT 1S3 44 . 02 

Figure 2B: Idealized MALOI-roF Jtass fipoetrun; Showing tho 
"ion current vs. tiae/aolooular weight". 
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e 3A» Sanger DKA Sequencing ficaetion Products with 
ddA Termination of Hypothetical DNA (5Q-ner). 



5 1 -dTAACC?GTCATTACGGCGATTGACTGT&GCACCTGCAT«ACATGACTAGCT 




£ « -dTA 


530.43 


5 1 -dTAA 


643, €4 


S^dTAACGGTCA 


2647.63 


5 ■ - dTAACCG TCAT T A 


3*19*43 


5 1 — d TAAC G GTC?tTTACG G CCA 




S « - &T AACGG T C ATT AC SG CC ATTG7* 


6709.42 


5 1 -dTAACGQTCATTACGCCCATTGACTGTA 


B249.42 


S ' * dT AAC G GT CATTACG GCC ATT G ACTCTAG G A 


9221. 05 


6 1 ~-dT AACGGT C ATT ACGG C CAT 7 G ACT STAG G ACC T G C A 


11035.22 


5 1 -dYAACGCTCATTACGC^CATWACTGTAGGACCTGCATTA 


1135S.82 


S 1 •dTAACGG^CATTACGGCCATTGACTGTAGGACCTGCATTACA 


12559. 21 


S • — d TAACGGTC AT X AC GGC C ATTG ACTG T AG G ACCTG C ATT A C ATG A 


13505. B3 


5 • - d T AAC G GT C ATT AC G GCCATTG ACTG Tft G G AC Z TCC?iT T AC 7*7 G ACT A 


14412.42 



Tigure 33: idealised kaldx-TQF Mass spectrcn snowing t&e 
"ion current vs. tine/col eeular weight". 
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<r.«~i,~*> e.pflex nliA £e<mencincr Reaction Sroducta vitH 

Figure 4At Jp^Jg JJJJ Hypothetical t>V* (so-mcr). 

S * - a TAAC G GT C ATT ACG G-2C AT * G ACTGTAG G A C CT G C A^?T AC AT G ACTAG CT 

S 1 -dTAACG 

S»-dTAACGG 

5 » - dTAACG 6? C ATT AC G 

5 9 - dT AACQGTC ATTACG G 

S ' «* d £AAC G GTCAT T ACG G CCATTC 

5 1 - dT AACC ST C ATT AC G 6 C C ATTG ACTG 

5 ■ -dTAA C G GTC ATTACGG CCftTTG AC TGT AG 

S 1 -dTAACGGTCATTACGGCCATIGACTGTAGG 

5 • d TAACGGTCATT ACG G C CATT GTiCT GTAGd JtCCTG 

S 1 - d TAAC G GTCATT A?GG CCATTG ACTG TAG G A C CTG CATTACAT G 

5 ' -dTAACGGTCATTACGGMATTGACTGrAGGACCTGCATTACATGAGTAC 



1*00.2$ 

4246.84 
4576.05 
€405.23 
7641.03 
8567. €4 
0916. €5 
10441.04 
132 W- 63 
14750*64 



Figure 4B: Idealized KALDX-ioT Mass Spectrun showir.g the 
•«ion current va. tiae/nolecular weight". 
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Figure SAi Sanger I32fA Eeqruer.cing Reaction PxoducfcB with 
ddC Termination of Hypothetical r>KA <50-ner] * 

5 1 - d IT AA C G GTCATTACG3CCATT SAC? GTAG G ACCTG C AT T AC ATGACTA G CT 

S'-dTAAC 114X.S4 

5 f -dTAACGGTC 2393 . 63 

5 • - d T AACG GTCATT AC 3917*63 

5 1 -d TAACGGT C ATTACGGC 4 a $5 ♦ 23 

5 1 -dTAAC Q GTC ATTACGGCC 5154 ♦ 42 

S«-dTAACGQTCATTACGGCCATTGAC 7007*62 

5 • -dTAACG GTC ATT AC GGC C ATTG AC ? G TAG G AC » 5 IS • 25 

5 * ^TAACG GTCATTACGGCCATTGAC'TGTAGGJVCC 9&0B .43 

5 • -dTAACGGTCAM7vCGGCCATXG ACTGTAGCACCrGC 10 73 1 . 02 

5 ■ - d T AACG G? C ATT AC GGC CAT T G ACTGTAGG ACCt GCATT AC 12 2 5 5 * C 2 

5 ' d TAACG G ATT ACG G CCATTG ACTG TAG GACCTG CAT X AC AT G AC 13804 . C2 

S 1 - d TAACG G? CATT ACG G CCATTG ACT G T AG GA C CTG CAT TAG AT G ACTAG C 15039-02 



Figure 5B* Idealized KAI#BI-T0T Kasa epcc«tm shoving the 
"ton current vs. time /molecular v eight". 
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ficitre f> 



Figure series of Molecular voigfcta of the Hypothetical 
DKA (sooner) After Sanger sequencing und 
Termination vith either ddTPT, ddMP, ddGTF or 
ddCTP respectively. 
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FIGURE 7 
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FIGURE 8 

Nucleoside Triphosphate Elongators: 



Nucleoside Triphosphate Terminators: 
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FIGURE 16 
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FIGURE 20, CONT 
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FIGURE 24 
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FIGURE 25 
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